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Anatomy. — “On the character of morphological modifications in 
consequence of affections of the endoerine organs’ By Prof. L. BoLk. 


(Communicated at the meeting of February 26, 1921). 


By endocrine organs are meant a group of organs whose right 
functioning is requisite for the regular development of the body. 
Besides these organs exercise a regulating influence on the metabolie 
processes in the body. This latter function, although hardly separable 
from the former, bears a more physiological character, and therefore 
is beyond the scope of the following considerations which _treat_ 
mainly of the significance of these glands for morphology. 

The principal of these glands are: Hypophysis, Epiphysis, Glan- 
dulae suprarenales, Glandula thyroidea, Thymus and the so-called 
interstitial gland. 

The influence of these glands appears from the fact that, if their 
right funetioning is disturbed,. whether by abnormal development, 
or by affections at a later age, the regular morphogenesis of the 
body is disturbed in some respect or other, or the adult body shows 
characteristice variations in form. These variations differ greatly as 
to their nature, and clinical observations as well as experimental 
research have of late years enabled us to reduce definite metamor- 
phoses to affeetions of one or more of these organs. The morphological 
modifications are so divergent in character, that any relation or 
connection between them seems wanting. And still, in this commu- 
nication, the facts will be set forth in such a way, that a relation 
will become evident, and at the same time a new perspective will 
be opened on the part that these organs play, or rather have played. 

For the better understanding what follows, it is desirable, in this 
place already, to set forth this perspeetive, and to announce the 
conelusion, to which the facts point. This conelusion runs as follows: 
with abnormal funetioning- of the endoerine organs, such morpho- 
logical properties are developed again in the human body, as it-had 
lost during the last phase of its phylogenetie development. The 
latest phase of his phylogenesis was that in which man got his 
morphological specifically human characteristies; such as distinguished 
him from his nearest relations, the Anthropoids and the other Pri- 
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mates. Well then, affeetion of the endoerine organs asserts its influ- 
ence in the first place on these speeifically human characteristies. 

From an ä posteriori point of view, this is really quite natural 
and perfectly logical. The endocrine organs regulate the development 
of the form up to the ‚most trifling details, and least considerable 
properties, they control the morphogenesis. In the man of to-day 
they co-operate in such a manner as to originate the Homo recens. 
But in the ancestor of man, with his rather pithecoid characters, 
their co-operation was such as to originate a more primitive form. 
During evolution the activity of the endocerine organs must therefore 
have undergone a modification, a morphological character that in a 
primitive form acquired a certain degree of development, in a higher 
form must have altered its development. That alteration may be 
either a regressive one — so retardation or suppression of the 
development -— or a progressive one, so a more forcible develop- 
ment. What I will call the architeetonie function of the endocrine 
organs in man must be somewhat different from, say, that of Gorilla, 
or Uhimpanzee. If the endocrine organs control the morphogenesis, 
then they must also adapt themselves in their function to the phy- 
logenetice metamorphoses. Is it, however, really beyond all doubt, 
that we have to speak of adaptation in this case? Did the endocrine 
organs indeed play only the passive part of adaptation, in this 
process, or was that part rather an active one, if not a directing, 
then, at least, a. regulating one? The question is one of biological 
prineiple, for it is immediately related to the question of even 
wider . bearing, whether evolution has only been brought about by 
the influence of external circumstances, or rather by such influence 
in connection with an internal agent. In a former publication I 
wrote in favour of the last named opinion and I then pointed ouf 
the possibility that the endocrine organs have played an important 
part in evolution, It was then impossible to me to arrive at any 
notion as.to the nature of that relation between their function. and 
evolution. I. believe now to have advanced a step, as it has become 
evident to me, that, at least in the bringing about of the specifically 
human characteristics, that influence has always acted in the same 
direction. 

The differences in form between related species may be brought 
about either by something existant developing more strongly, or 
being suppressed in its development. In this latter case, therefore, 
the influence of the endocrine organs must have been a retardative 
one. Well then, 1 propose to demonstrate that the development of 


the specifically human characteristics is the result of a retardative 
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or suppressing activity of the endocrine organs, and that, in case of 
affeetion or abnormal development of those organs that suppressing 
influence is lost, so that the modifications which then appear in 
the body, have a pithecoid character. 

I hope further to draw your attention to phenomena from which 
we may conclude that that retardative influence not only corcerns 
the merely morphological faculties, but that the entire process of 
development, the developmental rate of the human individual, as 
compared to that of the other Primates, is retardated. 

One of the first characteristics by which man is distinguished 
from all other Primates is his hairlessness. On the cause of this 
Darwın is not always of the same opinion. At one time he is inelined 
to consider the nakedness of man as the result of sexual selection, 
at other times he leaves scope for the possibility of climatological 
influences having been at work. | have no space for a criticism 
of these opinions. I shall restriet myself to the observation that 
the foetns of all Primates is hairless and that therefore, in the 
genesis of man, the part played by the endocrine organs consisted 
in suppressing the potentiality for hair-development, with the exception 
of that part of the skin which covers the skull. The hairlessness 
of man is therefore the persistance of a foetal character. It is a 
well-known fact that now and then this suppressing influence on 
the development of the hair-covering is removed and individuals are 
born with a more or less complete hair-coat, the so-called hair-men. 

Which of the endocrine organs was it, that had a suppressing 
influence on tbe formation of the hair-covering in man? We can 
indieate it with a good deal of certainty. This organ is the Hypo- 
physis. For we know that with hyperfunction of this organ in man 
as well as in woman, a hair-covering may be developed in an 
extremely strong degree, so that the limbs and trunk in particular 
are thickly covered with long hairs. 

So we have here our first instance of an affeetion of an endocrine 
organ influeneing a specifically human character, and that in such 
a way, that a pithecoid condition returns. However, an affection of 
Hypophysis is present in yet another series of phenomena, which bear 
the same character and manifest themselves in particular at the skull. 

The skull of apes, especially of anthropoids, is distinguished from 
man's, by the marked development of the jaws, the so-called supra- 
orbital-ridges also attaining an extraordinary size. The anthropoids 
are what is called markedly prognathie, man is orthognathic, whereas 
his supraorbital-ridges have hardly come to any development at all. 

Again orthognathy is a foetal character, not only of man, but 
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also of apes. It is only gradually, that in the ape-foetus and the 
young ape-child, the jaws extend forward. In man this growth is 
again suppressed, he retains his foetal character. And this retardation 
also takes place under the influence of hypophysis. For we know 
that when this organ is affected, both jaws, but particularly the 
lower jaw can enlarge considerably ; the suppressing influence there- 
fore, which proceeded from this organ — and which, in normal 
circumstances, keeps this potentialiiy of development in a latent 
condition, for the whole of life — is removed, and the old pithecoid 
factor of development tries to re-assert itself. Not only, however, 
for the jaws, also for the frontal-ridges. Do not many historia morbi 
of such patients mention a gradually stronger development of these 
ridges ? 

Not all human races however are equally orthognathie ; the stronger 
prognathy of the “black” races is well-known. From this it might 
be inferred that that suppressing influence acted less strongly in the 
latter races than in the white ones. This assertion is supported by 
another character to which I want to draw your attention, viz. the 
colour of the human skin, and especiably that of the white races. 

The colour of the skin is defined by the development to a more 
or less degree of thıe so-called skin-pigment. This is developed in all 
Primates, and as regards man, particularly in the black races. So 
the hardly if at all pigmented skin of the white races has again 
been brought about by a retardation or suppression of the develop- 
ment of skin-pigment. And here again we have a persistence of a 
foetal character. The white skin of man, therefore, is not a new- 
acquired property, for it is a condition found temporarily in all 
fetal primate individuals, the further developmental phase, which 
follows in the other Primates and also in the black races, being 
suppressed in the white races. And that this influence is active 
already in negroes, is evident from the fact that negrochildren are 
born with a white skin, and only become black shortly after birth. 
T'herefore the white has, in a way, retained a foetal character, which 
the negro has lost, consequently the retardation process in the 
white is stronger than in the black, in complete accordance with 
what could be ascertained with regard to the development of the 
jaws. So human evolution has, at least with regard to the morpho- 
logical properties, progressed further in the white race than in the 
black races. How far the same applies to the mental qualities may 
here be left out of discussion. 

So the whiteness of the human skin is again an instance of 
retardation. Which endocrine organ is responsible here? To this 
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question we can also give a rather exact answer. It is the adrenals. 


Since long we have known a disease first described in 1098 by 
Appısoxn, and also named after him, the main symptom of which 


‚is an abnormally strong development of pigment in the skin, so 


that the latter acquires a colour between bronze and dark-brown. 
This pigment is not of haematogeneous origin, for it is without iron, 
as is the skin-pigment of the coloured races. With autopsy of persons 
who have died of this disease, we find, almost without exception, 
degeneration of the adrenals, generally of a tubereulous nature. 

] proceed with another phenomenon. A typical difference between 
man and the other Primates consists in the fact that the sutures of 
the skull in primates close very early. With anthropoids, where they 
remain longest open, they still disappear before the individual is 
adult. In man, on the other hand, the sutures remain much longer, 
and the closing bears more of the character of asymptom of senility. 
The fact of the sutures remaining open is not to be ascribed to the 
considerable development of the brain in man. If this were the case, 
they might also close in man immediately after the termination of 
the growth of the brain, that is, at a comparatively early age. The 
fact of the sutures remaining open in man, is again to be considered 
as the persistence of a foetal character, to which I drew attention, 
a few years ago, in a monograph on this subjeet. This persistence 
is again the consequence of a retardation or suppression of the 
growing-together-process, which manifests itself in the other Primates 
in an earlier or later phase of their development. This process 
consists in the ossifieation of the fibrous tissue that separated 
the parts of the skeleton, the adjoining parts of the skeleton 
becoming one whole. This ossification-process is retarded in man and 
shifted to a later phase of his life. Even in a centenarian WALDEYER 
found sutures. Now by the influence of which endocrine gland was 
this retardation brought about? The answer to this must be: under 
the influence of Thymus. The significanee of this organ is not yet 
known in all respects, but we do know, that it is in the first place 
the skeletogeneous processes in the body which‘ are influeneed by 
this gland. 

When thymus is removed experimentally in youthful animals, or 
when this gland has from necessity to be removed surgically in 
young human beings, serious disturbances appear after a short time 
in the ostegeneous processes. Mostly affection of a rachitical nature 
are the result. Now one of the symptoms of rachitis is the so-called 
BR AREEN: elosure of the sutures of the skull, that is to say, the 
sutures disappear even before the individual is adult, sometimes 
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even at a very youthful age. Even in the rachitieal hydrocephalus, 
in whom the skull under the influence of the increased intracranial 
pressure, may. strongly increase in size, this premature ossification 
may manifest itself. So here again we state that with affeetion of 
one of the endocrine 'organs, by the removal of a retardation- -Process, 
a specifically human character is lost, the bones of the skull growing 
together, as is normal for other Primates. 

So now we have met with four specifically human characters 
which are to be considered as persisting foetal characteristies, and 
which, when any of the endocrine organs is affected, can undergo 
alterations in a pithecoid direction: his hairlessness, his orthognathy, 
his white skin, his persisting sutures of the skull. Each of these characters 
is the result of a retardation in the development and this retardative 
influence is removed with degeneration of any of the endocrine 
organs. I could bring under this group another phenomenon, viz. 
the slight development and slender build of the hands and feet in 
man, in contradistinetiion to those of the antlıropomorphous apes. 
If sufficient time were at my disposal I would prove by a somewhat 
detailed anatomical demonstration, that in outward appearance as 
well as in structure, especially the foot of man has retained a foetal 
character. So here again we are confronted with a retardation in 
development. And this retardative influence is bound at-the function 
of the Hypophysis. For with affeetion of this organ this retardative 
influence can again be removed, hand and foot become inelegant 
in shape, grow, and may considerably increase in size. 

We now come to a second group of phenomena, in which that 
retardative influence of the endocrine organs manifests itself in a 
somewhat different manner. 

The genital organs, especially in ‘woman, differ from those 
of the female individuals of the other Primates in a very 
particular way. by the presence of the so-called mons veneris and 
Labia majora. These form therefore a specifically human character- 
istie and a typical difference with the apes. The absence of these 
characters in apes is still of some historical importance as far as, 
at the time, Bıschorr the Munich anatomist, adduced this difference, 
as well as ‚the absence of a hymen in apes as a great argument 
against the Darwinian theory about the relation between man 
and the other Primates. Yet BiscHhorr was wrong, for though it 
may be true, that the organs mentioned are absent in vomu indi- 
viduals, if we examine the foetal stages of development of these 
animals, we obtain a different view. The organs mentioned originate 
from a wall-shaped eminence, which is formed round the genital 
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orifice, not only in man, but in all Primates. In the lower apes this 
wall soon disappears, in the foetus of anthropoids on the other hand 
it continues to exist, as appears from the observations of DENIKER, 
Sperıno, myself, and others, so that the older foetus of these apes 
has, in et of the vestibulum a mons veneris and at the sides labia 
majora, be it that they are not nearly so strongly developed a8 in man. 
After birth these characters seem to disappear soon, also in anthro- 
poids, in man they continue to exist. So we have here again a typical 
human ebaraeter, which is nothing but a persisting foetal property. 

And here also we are struck by the fact that tbe difference 
between man and the apes is the result of a developmental retard- 
ation, but now of a somewhat different character from the preceding 
cases. For though in the other Primates the genital wall disappears 
at last, and the disappearance is therefore the normal process, it 
continues to exist in man and increases in size in accordance with 
the general growth. So here the retardation did not mean the sup- 
pression of the coming about of a morphological character, but the 
prevention of the disappearance of a very early condition. Which 
endocrine organ may be thought of in relation to this phenomenon ? 
By many clinical observations we are able to answer also this 
question. It is almost certain that we must here think of the influ- 
ence of glandula thyroidea. Congenital absence, or too slight 
development of this gland is accompanied by an insuffieient develop- 
ment of the exterior genitals, the labia majora and the mons veneris 
are sometimes missing. The genital apparatus therefore, has in 
such cases, been formed as in the other Primates, the speecifical 
human character having developed in an insuffieient manner. The 
influence of Glandula thyroidea on this human character appears 
further from the fact that after extirpation of this endocrine organ 
atrophy of the genitals is resulting, adhibition of the extract of this 
gland brings atrophied or insufficiently developed external genitals to 
a stronger development. 

The case that we have last discussed forms a welcome transition 
to a specifical human charactar, that I now want to discuss briefly 
and with which I shall conelude the easuistic part of my contribu- 
tion. The specifically human character par excellence is the great 
weight of the brain. Is this also the result ofa retardative influence, 
you will ask somewhat sceptically ? I reply, yes, however paradoxical 
this may sound. 

Let us therefore briefly take a nearer view of the part played 
by the endocrine organs in morphogenesis. This part consists in these 
organs ensuring a harmonious development of the form. An har- 


1335 


monious development is brought about when the rate of development 
of each part of the body is exactly dosed and the duration of 
development exactly limited. This rate and this duration are different 
for each part and so in every stage of development there will be 
a different correlation between the organs. As an instance I mention 
the heart. In the first phase of embryonal development this organ 
grows very rapidly, and is already completely formed when other 
organs are stil more or less far removed from their final stages. 
For each organ comes the moment when it has reached its definitive 
size-relation to the whole, after which it further increases in size 
in accordance with the general growth. If, for instance, the size- 
correlation of the heart or the kidneys, as it exists in the beginning 
of the second month of development in the human foetus, would be 
made permanent, then individuals would be born with monstrously 
developed heart or kidneys. But in the course of the further develop- 
ment heart and kidneys decrease again in relative size. 

Now this same point of view also applies to the brain. It also 
increases enormously in size in the first developmental phase, not 
only in man, but in all Primates. Of all Primates the foetus passes 
a developmental stage in which with regard to the whole body the 
brain has a monstrous degree of development. It afterwards decreases 
relatively in size until a definite phase of development, after which 
regularly to take part in the general growth. Now the difference 
between man and the apes is, that this happens in man in an 
earlier stage of development than in the other Primates, therefore 
the correlative relation in him was fixed in a younger phase when 
the brain was relatively larger. So here again the principle of retard- 
ation finds expression. The sooner a limit is put to the relative 
diminution in size, the larger the brain will become, the longer this 
relative diminution lasts during the development, the smaller the 
definitive weight of the brain becomes. 

I have done my best to give my view in as succinet a form as 
possible; I hope that the intelligibility has not suffered too much 
by doing so. 

Under the influence of which organs stood this retardative process ? 
In order to answer this question let us examine what is the con- 
sequence if the correlation is not fixed at the point of time normal 
for man, but, as in the other primates at a more or less later 
moment in the development, when the brain in regard to the entire 
organism has become relatively smaller. 

Then also in man, therefore, a decreased mass-relation of the 
brain to the whole is brought about, the wellknown microcephaly 


1336 


with the aceompanying idiocy. And with this the ee - en 
given to the question asked, for clinical De Eu: I1sease 
point most decidedly in the direction of glandula thyroi Ye | 

It will not have escaped the attentive hearer that in the preceding, 
notone, but several points of view have been discussed EOllocKRE The 
first point of view I could summarize in this thesis: the specifically humen 
characters are persisting foetal properties; the second point of view in 
this: the specifically human characters originate in the general develop- 
mental process of primates having been retarded in- certain parts; 
the third view in this; this retardation is caused by the various 
endocrine organs, and finally the fourth in this: with affeetion of 
the endocrine organs this retardative influence is removed and the 
human body recovers pithecoid properties. Now I cannot conclude 
this eontribution before, on the basis of the theses just mentioned, 
opening up before you another point of view of more general bio- 
logical interest. The specifically morphological characteristics of man 
are a result of retardation; well then, this influence of the endo- 
crine organs not only concerns the development of morphological 
properties, but has stamped the entire developmental process of man 
as such, his rate of development has been slackened, his youth, as 
compared with the other Primates, has been lengthened, the adult 
phase of his life also, and perhaps also his phase of senility. This. 
is an idea which I had carried about with me for years, but for 
which I had really never been able to find a proper correlation to 
other views or observations, until I at last found it in my view of 
the significance of the endocrine organs for the bringing about of 
the morphologieal properties during evolution. 

‚Still this idea was formerly not a merely intuitive one, it was 
founded on a fact. This was supplied by the peeuliar behaviour of 
the genital glands in human beings, particularly in woman. These 
glands show the remarkable phenomenon that after that the specifical 
elements have developed, and no longer increase by division — 
which ‘is already the case in the second year — a phase of rest 
begins. The histological differentiation of the genital glands is finished 
in the second year, but their function only begins at a later age — 
say between the 12!" and the 14h year. Between the histological 
final stage and the beginning of the function a pause, a latent period 
is shoved in. This latent phase in human beings has always seemed 
something very remarkable to me. And, to put it briefly, it has 
always seemed to me that a disecongruency has arisen between the 
sexual and the somatie development. How far this also oceurs in 
other mammals may here be left undisceussed; so much is certain 
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however, that it is not the normal relation in mammals. This dis- 
congruency can only have been brought about by a retardation of 
the somatie development, not by an acceleration of the development 
of the genital glands, as this would be absolutely useless. But with 
this retardation of the rate of the somatie development the function 
of the genital glands had of necessity to be suppressed so long, till 
the body was sufficiently developed to be able to pass throngh the 
whole physiological process which follows a conception. So I see 
here again the activity of two influences: retardation in the develop- 
mental rate of the body as a whole, and temporary suppression 
of the function of the genital glands. 

Here also I touched but slightly on my line of thought, to 
eonclude with the question: have we to do in this case also, with 
the influence of an endocrine organ? The elinical observations gives 
us again the answer to this, and refers us to those, happily rare, but 
sad cases of so-called premature sexual development. Children in 
whom puberty begins at the age of four or five, girls, as cases are 
known, who conceive at the age of seven or eight. 

How are these abnormali conditions to be explained? In my opinion 
here also the solution of the problem is to be soughtin the removal 
of the retardative influence on the developmental rate of the sexual 
development, which, as appears from what was said above, exists 
in man. And like all those mentioned before, this retardative 
influence also originates with an endocrine organ, for, as is proved 
conelusively by autopsy, this premature sexual development is tbe 
result of a degeneration of the pineal gland. With this I wish to 
conelude my exposition. The abundance of matter has compelled 
me to give my contribution in as suceinet a form as possible. That 
tbe subjeet-matter is not exhausted with what is here discussed, 
will be clear to anybody more or less expert. For the perspectives 
here opened up go in two direetions. In the first place they give 
to the physician a wider view of the character of the conditions 
observed by him, and to the physiologist they submit the question 
to examine whether in the province of metabolice phenomena, with 
affeetion of the endocrine organs, he can make observations which 
are parallel to the "morphological consequences of these affections. 
Personally I am more attracted by the second direction in which 
the facts point. That is the general biological one. In the exposition 
given it has been shown that the endocrine organs influence the 
coming about of the evolutional development of a higher organism, 
it is therefore, in my opinion, no longer to be denied, that internal 


factors play a part in evolution. 
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Still I must warn against a possible one-sided interpretation of 
the part that these organs can play in the bringing about of morph- 
ological differences. In the evolution of man this part was, say, 
pre-eminently a retardative one. | have not been able to find any 
indiecation of an activating influence. But this is not saying that in 
other cases an activating influence may not exist, causing an accent- 
uation in younger forms of characteristics which existed in prin- 
eiple in their ancestors. 

And, to conelude, another question, or rather a problem. I have 
advanced a ground to prove that the developmental rate of man 
has been retarded, a retardation which, by the way, is stronger in 
the male than in the female sex. To tlıis retardation-process he owes 
it, I would observe, that he is born “nudus et inermis’”, that, in 
contradistinetion to the other mammals, it is only rather a long 
time after his birth, that his conseiousness of self awakes, followed 
by the longer infantile, puerile and juvenile phases. 

This is a privilege which man has over other organisms. But — 
would it be overbold to attach to this view the remark, that he 
has had to pay for this privilege with: greater sensitiveness to 
disease-causing influences as a consequence of a weakened capacity 
for resistance? A retardation of the vital processes means a decrease 
of their intensity. A decreased intensity of the vital processes means 
weakening of staying-power; weakening of staying-power means 
increased sensitiveness to noxious influences. And is there any other 
organism to be found, so sensitive to noxious influences, so subject 
to disease as man? With this question I wish to close my contribution. 


Physiology. — “Concerning the Influence of the Adrenal Cortex 
upon the Growth and the Reproduction of Lower Organisms 
and is presumable Antitoxic Action”. By Miss M. A. van 
HERWERDEN. (Communicated by Prof. C. A. PEKELHARING). 


(Communicated at the meeting of March 26, 1921). 


I have been studying the influence of various tissue-extracts on 
the cyclie reproduction in a race of Daphnia pulex bred for many 
years in the laboratory. I thereby hit upon a phenomenon which 
led me to make further experiments. Although these experiments 
are still in progress, I consider it worth while to say a few words 
about this problem here, as it is one of general importance. 

The first time when I added a small quantity of dried adrenal 
cortex from the ox to my ÜOladocera cultures, it appeared to produce 
a peculiar effect. First of all the fecundity of parthenogenetic females 
is considerably intensified, sexual maturity commences sooner than 
in the eontrol-animals (for wbich I always selected sisters from one 
and the same brood) and the generations follow each other in quicker 
“ suecession. Not infrequently as many as three broods have been 
deposited, while the control-sisters are still bearing their first. It also 
often happens that the first generations have reached maturity while 
the ovary of the untreated sisters is still infantile. This great difference 
may be seen as well when the control-culture contains only ditch- 
water with unicellular algae, as when for purposes of comparison 
- an equal quantity of adrenal medulla was added insteadof cortex. 


Furthermore there is another very remarkable influence of the 
adrenal cortex upon the cultures, which is not exerted by the medulla. 
It is to this phenomenon that I wish to call special attention. It is 
well-known that Daphniae do not tolerate multicellular algae in tbe 
culture-glasses. The presence of these long filaments invariably 
oecasion in my cultures depression, and ultimately induce death, if 
the animals are not transmitted in time to fresh ditch-water with 
unicellular algae. It now appeared that the addition of a small 
quantum of dried adrenal cortex, or an aqueous extract of it, was 
suffieient to ensure a healthy life to the Daphniae in a tangle of 


1340 


long algae even without eleaning the glasses regularly. More remarkable 
still is that different mould-mycelia, (otherwise invariably destroying 
a culture within a short time), do not at all affeet the health of 
Daphniae and do not interfere with their rapid reproduction in the 
adrenal-cortex cultures where the moulds are speedily developed. 

I have availed myself of the above phenomenon in keeping my 
insufficiently cleaned eultures alive during the. holidays. Such a 
densely populated eulture, which contains per 25 c.c. of ditchwater, 
say, 5 mgrms of dried adrenal cortex, mocks at all the care gen- 
erally bestowed upon an organism like Daphnia pulex, which needs 
much oxygen and is otherwise greatly affected by impurity and 
thrives best when transmitted to fresh ditehwater every week. 

The fresh adrenal cortex of the ox was carefully separated from 
the medulla, minced up, dried for 24 hrs in an inceubator at atem- 
perature of 60° and tben pulverized. By due caution one really 
succeeds in getiling cortex tissue free from the medulla. 

Moreover an admixture of a minimal quantity of medulla gives 
a pink colouration of the ditehwater '), so that any contamination 
may. be directly recognized. 

Besides it has appeared that the medulla (if sufficiently free from 
cortex tissue) ?) lacks the influence upon Daphniae described above 
and its prolongated action even seems often to be noxious. 

Tbe quantity of dried adrenal cortex, just giving a positive result, 
amounted to 1 mgr. per 20 ce. of ditchwater. No experiments were 
made with smaller quanta. 

When we distribute sisters from the same brood over culture- 
glasses to which respectively an equal quantum of fresh aqueous 
extract ’) of dried adrenal cortex, adrenal medulla, thyroid gland 
and hypoplysis of the ox is added, the medulla appears to have 
the least favourable effect. Thyroid-gland extraet is often tolerated 
less in the beginning than after prolonged administration (tachycardia), 
the reproduction of Daphniae is much less intensive than in the 
adrenal cortex eultures, stronger though than in the control-eultures, 
and the same holds for the hypophysis-eultures. 

The extremely rapid growth of algae in the culture-glasses to 
which adrenal-coriex is added, is very striking. By plaeing the 


!) This is a very sensitive adrenalin-reaction, appearing in the presence of oxygen 
(Biedl I, p. 527), | 


?) It is much more difficult to obtain adrenal medulla free from cortex-tissue 
than vice versa. | 

3) 1 cc. of aqueous extract (prepared 24 hrs previously by adding 0,5 gr. to 
25 c.c. of water at room-temperature was added to 10 c.c. of ditchwater. 
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animals during the experiment in a badly lighted space it may be 
observed, that only the addition of the adrenal-cortex tissue is 
answerable for the favourable condition of the eultures, but not the 
rapid. growth of the algae. It has, for tliat matter, already been 
stated that the growth of multicellular algae is just a factor which; 
on the contrary, inhibits the development of Daphniae. 

An aqueous extract of the dried adrenal-cortex (0,5 gr. per 25 ce.); 
which had been heated for 2 hours at 110° in the autoclave, proved 
to have the same favourable influence as the non-heated extraet on 
the growth of the algae. Judging from the preliminary experiences 
it also seemed to promote the reproduction of the Daphniae. Spon- 
taneous growth of moulds does not oceur in these cultures, so that 
they have still to be infected in order to ascertain whether the pro- 
longed heating leaves intact the substance, wich counteracts the 
effect of moulds in the cultures. 

In the spring of the year 1920 I noted an extraordinary difference 
in the growth of eggs of the watersnail (Limnaea ovata), according as they 
were treated with dried adrenal-cortex, or not. A mass of jelly containing 
eggs, originating from a single female, has been cut in two halves, 
each of which has been put in a glass filled with ditehwater. During 
the experiment an equal amount of algae was added to each glass. 
After the lapse of three weeks the size of all the young snails, 
contained in the glass, to which a few milligrams of dried cortex 
of the suprarenal capsule had been added, surpassed several times 
the size of those of the controleulture or the adrenal medulla eultures. 


It has been shown, that the adrenal cortex contains a substance, 
soluble in water, which in these invertebrates exerts an influence 
upon their fecundity and upon their health. Factors, which are in 
other eireumstances noxious to Daphniae, such as caused by over- 
population, inadequate supply of oxygen, the growth of moulds and 
of multicellular algae, are removed by the addition of very small 
quantities of dried coriew of the suprarenal gland. This influence 
seems to exist also among lower plants, witness the highly intensified 
growth of unicellular and multicellular algae. Sexual maturity is 
accelerated, the embryonal development is promoted, the broods 
follow each otber in quicker succession. In the snail the rate of 
growth of the tissues has largely increased during the einbryonal 
and the post-embryonal stage. 

The study of adrenalin has pushed the question of the significance 
of the adrenal-coriex tissue into the background for a considerable 
length of time, until it was brought under our notice again, notably 
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by A. Bızor. In addition to the connection between the function 
of the cortex and that of the sexual organs, also the possibility of 
an antitoxie action of the adrenal cortex has been emphasized. In 
the latest edition of his Manual of Internal Secretion BiepL still 
considers it as an open question whether, just as Cobra-poison in 
vitro, also endogenous poisons can be counter-acted by adrenal- 
cortex. 

It seems to me that the result of adding small quantities. of 
adrenal cortex to the Daphnia cultures — in the case of over- 
population and of mould infection — indeed points to an inhibitory 
influence on the action of normal metabolie products. It is notable 
that this occurs in lower organisms, which, so far as we know, 
do not possess an organ corresponding to the suprarenal capsule of 
the vertebrata. 

Our deficient knowledge of the normal function of the adrenal 
cortex justifies a further inquiry of this problem in different directions. 


Physiology. — “The Interchange between Blood-plasm on one-hand 
and Humor aqueus and cerebro-spinal fluid on the other hand, 
studied from Iheir sugar-percentages and in connection with 
the problem of combined sugar.” By J. pm Haan and $. van 
Urkvesp. (Communicated by Prof. H. J. HauBUuRGer.) 


(Communicated at the meeting of March 26, 1921). 


Humor aqueus and cerebro-spinal fluid are two very remarkable 
tissue-Jiquids. They are so in the first place because they are almost 
entirely free from colloids and secondly because of the great simi- 
larity between their chemical composition and that of the blood. A 
large part of the present-day investigators are of opinion that these 
liquids must be regarded as formed by “active secretion” by certain 
layers of cells, namely the epithelial layer of the corpus ciliare and 
the chorioid plexus. HaArLıBURTON and Dixon‘) a.0. have accepted 
this secretion especially for the cerebro-spinal liquid on account of 
(among other things) the discongruity which would exist between 
the specific action of certain substances on the secretion of the liquid 
and the action of those substances on the pressure of the blood. It 
is, however, exceedingly diffieult to establish experimentally and 
without any doubt, an increased formation of the liquid ; and equally 
diffieult is the exact determination of the blood-pressure in the 
.vascular system, connected with the formation of the liquid. We 
here only refer to the recent elaborate publications of BzcHT?) in 
which from his own researches this author reaches the conclusion 
that all the phenomena which at first sight point to secretion, may 
very well be explained in a mechanical way. For the rest we will 
leave out of consideration the significance of the blood-pressure, nor 
will we, in what follows, discuss the value of the argument that 
the histologieal gland-structure of the said epithelial cells should 
furnish a proof for the secretion. Leaving alone the way the liquid 
is formed and the place where it originates, in other words leaving 
alone the direetion of its movement, we wish to take as slarting- 
point for our researches the chemical composition of these liquids. 

And then he who speaks of secretion here, will admit that the 


!) Journ. ‚ob Physiology 47, p. 215, 1913 and 48, p. 128, 1914. 
- 2) Americ. Jouraal of Physiology 51, 1, 1920. “ 


. Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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secreting cells “produce” a substance which remarkably resembles 
the blood-ligquid and which therefore Ihose cells hardly alter actively: 
osmotie pressure, concentration of the various salts and ‚erystalloids 
and of the H-ions, they all oseillate within narrow limits round 
values which are practically those always indiecated for the blood. ') 
When, however, one states that the secreting membrane actively 
checks cerystalloids (fluoresein for the liquid of the eye-chamber, 
aceton and other substances in the cerebro-spinal- fluid), then the 
researches, justifying these conelusions, are nearly always open to 
eritiism both on account of the method used and or account of 
their varying results”). The fact that these liquids contain only 
traces of proteins and that ferments, immune bodies are practically 
'absent from them, does not tell at all for an active, vital stopping. 
For every well-functioning dialysing-membrane, every ultra-filter will 
do this too. 

What follows here is the provisional brief communication ’) of 
the results of an investigation to find an answer to the question: 
in how far can the said liquids be regarded as ultra-filtrates or, 
rather, as dialysates? For the name ultra-filtrate indicates a liquid 
which is pressed through by means of a super-pressure (in this case 
the pressure of the blood) and with which a not unimportant speed 
of circulation is supposed. Now it is very probable, especially for 
the liquid of the eye-chamber that under physiologieal conditions 
the movement of the liquid is very slow. When these liquids follow 
the fluetuations in the composition of the blood, this will be the 
consequence of a process, of diffusion for the greater part, and 
further of direct filtration,; consequently in our view a combination 
of dialysis and ultra-filtration. In how far does the composition of 
these liquids correspond to what we must expect if the separating 
layer between the latter and the primary fluetuating liquid (blood) 
acts as a simple dialysing-membrane? We need not find complete 
similarity: for the liquid interacts not only with the blood, but also 
with the remaining surroundings (cerebral tissue, tissues round the 
eye-chamber). But it will be especially interesting to trace, which 
changes should be attributed to the last-mentioned factor. 


For the present we have limited our investigations to one of the 


substances which occur normally in the blood, namely: glucose. 


!) See a.0. OsSBORNE: Journ. of Physiology, 52, p. 347, 1918—1919. 


2 
) We hope to have an opportunity of returnin 


& to this question in further 
researches. 


$ * . * 
) A more elaborate publication will appear in the Biochemische Zeitschrift. 
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Our choice is explained by the fact that one of us!) (when he 
was comparing the sugar-percentage of blood-serum and that of the 
ultra-filtrate of this serum), made the unexpected discovery that in 
the process of ultra-filtration a considerable portion of the substance, 
causing the reduction, remains behind. The above-mentioned differ- 
ence in the sugar-percentage between serum and its ultra-filtrate °) - 
has been described at about the same time by Ruszuyäk °). The 
problem of combined sugar now again came to the fore. By the 
researches of v. Hess and Mc. Guisan ‘), using Askr.’s°), method of 
vivodiffusion, and of MicHaruis and Rona °) it seemed to have been 
solved in this sense that all the sugar in the blood oceurred in a 
free state. Here we can leave out of consideration (as unsolved) the 
question whether the reducing substance which remains behind in 
ultra-filtration, is really combined sugar or whether it must be 
accounted one of the substances which give the so-called ‘“rest- 
reduction”. We would only observe here that we should have to 
“ accept that what does not pass the ultra-filter, is really glucose, if 
we relied on the investigations of Eer ’). This author found that of 
the total reduction of the blood, determined by a slightly modified 
method Bane (also used by us), only a very small part should be 
ascribed to this rest-reduetion. For convenience sake we shall call 
the differenee which was found, “combined sugar”. 

When tbke difference in sugar-percentage between the serum 
(containing colloids) and the ultra-filtrate (containing no colloids) 
had been established, this problem presented itself to us: in: how 
for can those liquids of the body, containing like the ultra-filtrate 
only insignificant quantities of albumen and colloids in general (such 
as humor aqueus, cerebro-spinal fluid, amnion-liguid) be compared 
with ultra-filtrates of the blood, also as regards their chemical com- 


1) S, van CREVELD: Communication “Physiologendag” 16 December 1920, 
Amsterdam. Report to appear in Arch. N&erl. de Physiologie. 

2) We wish to draw attention to a communication by HAMBURGER and 
BRINKMAN (Biochem. Zeitschr. 88, 103, 1918). These authors did not find a 
difference between the serum and its ultra-filtrate. But their results were 
based only on provisional investigations, the chief aim of their researches 
lying in a totally different field. Undoubtedly HAMBURGER and BRINKMAN 
would by continuing their investigations have found the difference which is 
mostly present and considerable. 

8) Ruszuyäk. Biochem. Zeitschr. 113, 52, 1921. 

4 ABEL, ROWNTREE and TURNER, Journ. of Pharmac. and Exp. Ther. 5, 
275 and 611, 1914. 

5) v. Hess and Mc. Guican. Ibid. 6, 45, 1914. 

6) MıcHäeLıs and RonA. Biochem. Zeitschr. 14, 476, 1908. 

7) EgeE. Biochem. Zeitschr. 107, 229, 1920. Be 
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position? And especially: Is the “combined” sugar kept back here? 
(We shall have to investigate whether the sugar is combined with 
protein, or phosphatides or cholesterin). This we have investigated 
most fully in the case of the liquid of the eye-chamber. The values 
for the sugar-percentage of this liquid, mentioned in the literature 
of the subject, did not help us much. We had to rely on our own 
'researches. In the first place one nearly always finds indicated (as 
e.g. by OsBornE')) that the sugar-percentage of the liquid of the 
eye-chamber is about equal to that of the blood. Nearly always 
however it is omitted to investigate blood and eye-chamber liquid 
simultaneously. This may be called the first requisite, on account 
of the important fluctuations of the sugar-pereentage in the blood 
which are found even under physiological conditions; and, where 
this simultaneous investigation was performed, as in the very detailed 
communication of Ask*) of comparatively recent date concerning the 
eye-liquid, these researches have lost much of their significance in 
the ligbt of our present state of knowledge. For, the liquid with 
which the humor aqueus must be compared, is not the total blood, 
but ‘only the blood-plasm, the sugar-percentages of which are quite 
different. By investigations of most recent date, a.o. of one of us’), 
it has been established without doubt that in the case of a number 
of animals (in any case with man and the rabbit) the corpuseles 
are free from sugar. The value found when determining the sugar- 
percentage of the total blood, is therefore considerably lower than 
the actual concentration of sugar in the plasm. And, consequently, 
if one compares the sugar-percentage of the liquid of the eye-chamıber 
with that of the total blood or with that of a blood-liquid the 
identity of which with blood-plasma is not entirely without doubt, 
one arrives at conclusions which are quite wrong. Serum obtained 
by the coagulation of blood, plasm obtained by blood-coagulaling 
means (hirudin, oxalate) show a lower blood-sugar percentage than 
the plasm proper, because in these operations in an exceedingly 
short space of time part of the sugar disappears in the corpuscles, 
this being due to changed permeability-relations. In this way are 
to be explained Ask’s results (differing from ours) and his conelu- 


!) OSBORNE, |.c. 
?) Ask, Biochem. Zeitschr. 59, 1 and 35, 1914. 
°) S. van CrREVELD and R. BRINKMAN: Proceedings of the Royal Acad. of 


Sciences Section of Dec. 17 1920. Further BRINKMAN and Miss van Dam: 


Arch. Internat. de Phys. XV, p. 105, 1919. In these articles elaborate 
bibliographies. 
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sions') based on them, although this investigator, besides examining 
the total blood, has also tried to investigate bloodplasm. 

The bloodplasm required for our purpose was obtained in the 
way indicated by one of us®). Into a small paraffined tube one 
drops rapidly a small quantity of blood from a punctioned ear-vein 
of a rabbit, one centrifugates for a few moments and takes away 
the topmost fluid plasm with a paraffined glass-pipette. The sugar- 
percentage in this was determined by the latest method of Banc. 
This method was used by us for all sugar-analyses and gave complete 
satisfaction. The double-determinations agreed well. We believe that 
this method, used for a long time already in this laboratory, gives 
reliable results, provided some precautions are observed. These 
precautions were that with each experiment the reduction ofa 0.1°/, 
glucose-solution was determined and besides it a blind-determination 
in duplicate of all reagents used. This was done especially with a 
view to the varying titre of the thiosulfate-solution. 


Using this method with a number of rabbits we have first of all 
compared the sugar-percentage of the blood-plasm and that of the 
aqueus humour, which was taken at about the same time (difference 
in time 10 minutes at most). 

The chamber-liquid was obtained very easily (after cocain-anaesthesia) by 
inserting a glass capillary tube with ground point into the anterior eye-chamber. 
In general we performed (besides the sugar-determination) also a determination 
of the refraction of plasm and aqueus humour (refractometer of ABBE) to 
obtain an idea of the albumen-percentage of these liquids. 


In Table I the values found for the sugar-percentage in blood- 
plasm and that in aqueus humour (examined at the same time) are 
laid down. 

In considering this table we must bear in mind the just-mentioned 
fact that the chamber-liquid flows very slowly under normal con- 
ditions, so that we can almost neglect filtration as a factor for 
establishing the equilibrium in the components of the liquids, but 
that this equilibrium is a consequence of the slower process of 
diffusion of the various dissolved components. lt follows that (from 
this point of view) we can expect any change (increase or decrease) 
in sugar-percentage of blood-plasm to be followed somewhat more 
slowly by a similar change in the sugar-percentage of the chamber- 
liquid. Where it is known that important changes in blood-sugar- 
percentage may take place in a very short time, there may be 


1) We shall return to these conclusions in detail later on. 
2) S. v. CREVELD, l.c. 
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TABLE 1. 
ee — — 
No, of Rabbit Sugar-percentage ar er Difference nen 

; Blood-plasm aqueus humour 
| 
1 0.20 0.19 + 0.01 
2 0.28 0.19 + 0.09 
3 0.2 0.15 + 0.05 
4 0.2 0.19 + 0.01 
5 0.28 0.16 + 0.12 
6 0.27 0.21 + 0.06 
r 0.24 0.22 + 0.02 a . 
8 0.22 0.19 + 0.03 TUT 
9 0.25 0.17 + 0.08 
10 0.20 0.19 —+ 0.01 
11 0.22 0.19 + 0.03 
12 0.21 0.19 + 0.02 
13 0.26 0.24 + 0.02 
14 0.32 0.25 + 0.07 
15 0.22 0.18 + 0.04 


moments that the difference in sugar-percentage between plasm and 
chamber-liquid does not correspond to what we should expect after 
the analogy of what was stated with ultra-filtration. With a rapid 
drop in the sugar-percentage of blood it will therefore be quite 
possible for the relations to be temporarily reversed, so that the 
chamber-liquid shows the greater percentage. In this way we can 
satisfactorily explain the very diverging differences in table I. But 
when they are compared in a large number of experiments, we 
may expect the chamber-liquid to show the lower figures in the 
majority of cases. We may further expeet that in the mean values 
of a large number of figures the same relation between ehamber- 
liquid and plasm will be shown which we should expect if this 
chamber-liquid was, not a dialysate, but a quickly-flowing ultra- 
filtrate. And when we find a mean difference of 0.044 °/, between 
blood-plasm of the ear-vein and chamber-liquid, we have a right to 
conelude: Provisionally the phenomenon observed in vitro of the 
combined bloodsugar which behaves as a colloid, is confirmed in vivo: 
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the sugar-percenlage of chamber-ligquid corresponds to the free plasma- 
sugar and: follows its fluctuations. 

When we look at Table II it becomes still more probable that 
we have a case of “colloidal sugar” remaining behind. In Table II 
we have examined not only plasm and primary chamber-liquid, but 
also the so called “secondary chamber-liquid” which rapidly (in a 
few minutes) after the punction regenerates. As is known, it has 
more direct connection with the composition of the blood; it contains 
e.g. more protein: WEssELY') gives one to two percent; we found 
(like Hagzn) ’) much higher values, (on account of refraction-figures), 
namely from 3 to 5°/,. The secondary liquid therefore, as regards 
albumen-percentage, approaches blood-plasm and the more so, as the 
primary liquid had been taken away more completely. Now it 
appeared that this secondary liquid (coagulating rapidly in the case 
of the rabbit), also “qua” sugar-percentage, must be regarded as a 
kind of rapidly entering blood plasm, eonsequently blood of which 
only the cellular elements are kept back. For the sugar-percentage 
of this regenerating liquid corresponds strikingly with that of blood 
plasm, investigated at the same time. 

In considering table II we must bear in mind that through 
“psychic” stimuli (sympathicus-stimulation) during the experiment, 
the sugar-percentage in the blood of the rabbit mostly increases. 
As between 1 and 3 (see table II) generally 20 or 30 minutes 
elapse, the sugar-percentage of 3 (as appears from the table) can 
no longer be compared with the bloodplasm of 20 minutes before, 
but with that of 4. Then there appears to be nearly complete 
correspondence between bloodplasm and secondary chamber-liquid: 
the secondary chamber-lquid therefore has obtained the “combined 
sugar” together wilh the plasma-colloids. 

To get a further insight into the manner and the rapidity with 
which fluetuations in the sugar-percentage of bloodplasm are followed 
by the aqueus humour, we have, in the case ofa number of rabbits, 
traced the sugar percentage of the chamber-liquid at different times 
during severe hyperglycaemia, caused by subeonjunctival injection 
of 0.75 e.c. of a 1°/,, adrenalin-solution in both eyes. We shall 
here mention a few brief results of a long series of experiments. 
The sugar-percentage of the bloodplasm rises rapidly after the 
injection, after 45 minutes already it reaches 0.6 to 0.7 °/, and 
remains thus for one to two hours; then it decreases again rather 


I) Ergebnisse d. Physiologie 4', p. 565, 1905. 
® Klin. Monatsbl. f. Augenheilkunde 64, p. 187, 1920, 
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quickly to the normal values. The chamber-liquid follows these 
changes more slowly, here probably abnormally slowly, because, as 
a second adrenalin-action, the blood-supply to the eyes had decreased 
very considerably for the time being. Thus, for example, the sugar- 
percentage in the bloodplasm rose in 30 minutes from 0.25 °/, to 
0.38 °/,, in the chamber:liquid (first in the right eye, then the left) 
it rose in the same time from 0.17 °/, to 0.24 °/,; in another expe- 
riment the sugar-percentage in the bloodplasm had increased in 2 
hours after the injeetion from 0.21 to more than 0.6 °/,, in the 
chamber-liquid from 0.19 °/, to 4°/, ; the rapidly regenerating secondary 
chamber-liquid then contained 0.63 °/, which corresponds strikingly 
to the bloodplasm at that moment. 

When in the second period the sugar-percentage of the blood- 
plasm decreases, this decrease is followed more rapidly by the 
chamber-liquid than the increase which preceded. This is to be 
expeeted because in this period the blood-supply to the eyes and 
consequently the rapidity of diffusion has become greater. Yet we 
succeeded in establishing a moment when the decrease in blood- 
sugar-percentage outstripped the chamber-liquid, so that the relations 
were reversed: 5 hours after the injection the sugar-percentage of 
the plasm was 0.27°/,, that of the chamber-liquid was 0.32°/.. 

It might also be possible to explain the great difference (0.6 and 
0.4) which was established at the eulminating-point of the hyper- 
glycaemia, not by means of retarded diffusion (consequently : equili- 
brium not yet reached), but by a relative increase also of the combined 
sugar during the hyperglycaemia. The difference of 0.2°/, could then 
correspond to the quantity of combined sugar and the 0.4°/, sugar 
in the chamber-liquid would indicate the moment of the equilibrium 
of the diffusion. But this supposition is no longer valid, for during 
a-separate experiment we’ have, (during the maximum of hyper- 
glycaemia) taken off a slightly larger quantity of blood and we have 
determined the sugar-percentage of this together with the sugar- 
percentage of the ultra-filtrate, obtained from it; the same had been 
done before with the normal blood-plasm. In the beginning the 
sugar-percentage of the chamber-liquid was 0.24, of the blood-plasnı 
it was 0.26 and of the ultra-filtrate of the plasm it was 0.16; the 
difference between the last two is therefore 0.09. This difference 
now remained equal during the adrenalin-hyperglycaemia (0.63°/, 
and 0.54°/,), ‚while then the sugar-percentage in the chamber-liquid 
was much lower (0:44°/,) than that in the plasm. Hence the quantity 
of combined sugar does not increase during adrenalin-hyperglycaemia. 

It will strike that in vitro in this experiment we find a quantity 
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of combined sugar of 0.09°/, whereas the mean difference between 
eye-chamber liquid and bloodplasm amounted to only 0.044 Hai 
This figure is really low; for as an average in eight experiments 
we found a quantity of combined sugar of 0.075°/, in ultra-filtrates 
(in vitro) of serum of our test-rabbits. 

Now this difference between the processes in vitro and in vivo is 
not yei such that on the strength of this we should no longer regard 
the chamber-liquid as a kind of ultra-filtrate, but moreover we are 
inelined to think that this difference is not essential. For in com- 
paring the eye-chamber liquid and the plasm of the blood from an 
ear-vein we found an average difference of 0.044 °/,. But te blood 
which interaets with the eye-chamber liquid, will in no case be 
venous blood, but it will agree more with the composition of arterial 
blood. Now, as a consequence of the sugar-consumption of the 
various organs, the sugar-percentage of venous-blood will be lower 
than that of arterial blood; the magnitude of this difference will 
depend on the intensity of the sugar-metabolism of the particular 
organ. We may take for granted that this metabolism will be very 
slight in the case of the tissues (cornea, erystalline-lens) ete., which 
surround the eye-chamber, and also that the venous blood flowing 
from it, would differ very little from arterial blood, supposing we 
could investigate the former separately. This difference exists very 
distinetly when we compare blood taken simultaneously from the a. 
carotis and from the v. facialis posterior, the latter of which practi- 
cally corresponds to the blood from an ear-vein. In three experi- 
ments we found here differences of 0.09, 0.03 and 0.02, on the 
average therefore over 0.04 °/,. If, therefore, we increase the sugar- 
percentage of the plasm from the ear-vein with this amount, the 
sugar-percentage of the chamber-liquid will correspond very well to 
what we should expect of an ultra-filtrate. 


As regards ‚the second liquid investigated by us, the cerebro-spinal 
Jluid, we can dispose only of a much smaller number of experi- 
ments. The statements in the literature of the subject made it pro- 
bable that here also we should find a sugar-percentage, lower and 
even considerably lower than that in the blood-plasm. Thus for 
example Fınz and Myers!) state that with a number of patients the 
sugar-percentage of the cerebro-spinal liquid amounted to only 57°/, 
of that of the total blood. A similar statement we find in Wiston Er 

For the reasons given before, this difference would become more 


\) Proceedings Soc. Exp. Biol. 13, p. 126, .1916. 
2) Journ. of Med. Research. 35, p. 199. 
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striking still, when compared with bloodplasm instead of the total 
blood. 


As regards the technique to obtain cerebro-spinal liquid from rabbits, we 
obtained it by puncturing (with a glass capillary tube) ; the ligament connecting 
occiput and atlas after this had first been exposed by cutting the skin and 
preparing the muscles of the neck under local anaesthesia (without adrenalin); 
consequently obtaining the liquid of the fourth ventricle. The animals can 
bear this quite well. | 


We have embodied the results in tables III and IV. 

In examining these tables we must bear in mind that a compar- 
ison of cerebro-spinal liquid and bloodplasm under physiological 
conditions is much more troublesome than in the case of chamber- 
liquid; the operation generally lasts half an hour, and, when the 
liquid can be obtained, distinet hyperglycaemia has occurred in the 
blood in the mean time (this appears from the tables). Hence in the 
values found for cerebro-spinal liquid, which in themselves are not 
abnormally low (average 0.18°/, in table III) there is already a 
certain amount owing to the increase of the quantiiy of blood-sugar. 
The value of this quantity cannot be given however, as we do not 
know the rapidity of diffusion here. The physiological difference 
with the bloodsugar-percentage is, therefore, fairly certainly smaller 
than that which we find if we compare with the plasm, taken simul- 
taneousiy (column 3). But it is most certainly larger than would 
appear from a comparison with the plasm at the beginning of «the 
experiment (column 1). By means of a larger number of experiments 
and by causing the operation to last as short as possible we may 
probably obtain iınore accurate data here. We shall, besides, obtain 
an insight into the rapidity of diffusion from an investigation of the 
speed with which adrenalin-hyperglycaemia manifests itself in the 
cerebro-spinal liquid and also of the degree of this manifestation. 
Onr next experiments will lie in that direction )), 

On the strength of table IV we may accept as certain that the 
sugar-percentage in cerebro-spinal liquid is considerably lower than 
it is in the chamber-liquid which was investigated simultaneously 
(ef. columns 3 and 4). 


So we see here two “ultra-filtrates’’ with diverging sugar-percent- 
ages. Are we to think here of an “active” stopping of glucose by 
the plexus ehorioideus? It seems to us that we need not call in 
the aid of a similar force, but that the cause should rather be 


1) The results of these have been mentioned in the more detailed publication 
in the “Biochemische Zeitschrift”. 123. 190. 1921. 
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looked for in 'the action of the entire surrounding tissues, which, in 
Ihe case of the eye-chamber, will fairly certainly show a smaller 
metabolism than the cerebral tissues with which the cerebro-spinal 
liquid is as much in interaction as it is with the blood. 

A somewhat rapid sugar-consumption in the cerebral-tissues will 
necessarily cause a continuous diffusion of glucose from the cerebro- 
spinal liquid to this place of lower sugar-concentration. The quantity 
of sugar in the cerebro-spinal liquid therefore remains constantly 
lower than its value would be if it had interacted only with the 
blood; lower also than is found in the chamber-liquid. Thus we 
may expeet for the same reasons that the blood itself will yield 
more sugar in the brain than round the eye-chamber and that, 
therefore the blood in a cerebral vein will show a greater decrease 
in sugar-percentage than the blood flowing from the eye-chamber 
and its surroundings. 

A comparison of the ultra-filtrates of the blood from the a. carotis 
and the v. facialis posterior taught us that the difference in sugar- 
percentage between arterial and venous blood is almost completely 
due to the free sugar, while the quantity of “combined sugar” 
suffers hardly any modification ir passing the capillary tubes. 

lt looks tempting to suppose that the combined sugar plays a 
part in the consumption of the sugar in the tissues: here the sugar 
would centinually be combined (adsorbed?) and be combusted in 
that condition; this would continually cause the fixing of fresh “free” 
sugar from the neighbourhood; this would cause the decrease of 
concentration of free sugar on that spot, followed by diffusion from 
the blood, ete. A correct opinion about this supposition can only 
be pronounced when it is settled that the reducing substance, which 
cannot be ultra-filtrated, is sugar and when it is further settled of 
what kind the substance is to which this sugar is “combined”. 


SUMMARY AND CONCLUSIONS. 


We can sum up the results of our investigations as follows: 

1. In the case of rabbits the sugar-percentage of tissue-hquids con- 
taining practically no colloids (aqueus humour, cerebro-spinal fluid) 
is as a rule smaller than that of blood-plasm, ünvestigated at the 
same time. This phenomenon is in agreement with the lower value 
for the sugar-percentage which ultra-filtrates of serum in vitro show 
when compared with this serum. 

2. As regards the liquid of the eye-chamber, this difference of sugar- 
percentage, compared with plasm of arterial blood, is the same as the 
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quantity of “combined sugar” in bloodserum which does not ultra- 
filtrate. 

3. As to cerebro-spinal fluid, the results do not yet give sufficient 
certainty concerning the exact proportions of its sugar-percentage 
and that of blood-plasm; to all appearance it is considerably lower 
than it is in the liquid of the eye-chamber. We wish to indicate the 
possibility of aceounting for this difference by assuming a larger 
glucose-consumption in the cerebral tissues than occurs in the tissues 
lining the eye-chamber. 

4. From the fluctuations in the sugar-percentage of eye-chamber 
liquid under normal conditions and with hyperglycaemia after 
adrenalin-injection we must conelude that the equilibrium with the 
blood is here chiefly caused by difusion and hardly by the eireulation 
of liquid; such corresponds to what is accepted about the speed of 
eireulation of the eye-chamber liquid. -On the other hand, the so- 
called secondary liquid of the eye-chamber ıs, as regards ıts sugar- 
percentage, perfectly equal to blood plasm at the same moment. This 
is accounted for as follows: what has entered is practically blood- 
plasm with a high percentage of colloids and a corresponding quantity 
of combined sugar. 

5. In comparing arterial blood from the a. carotis and venous 
blood from the v. facialis posterior it appeared that the difference 
of sugar-percentage between these two is to be ascribed to the 
/ree sugar which is therefore yielded to the tissues. 

6. The hyperglycaemia caused by adrenalin-injection depends 
entirely on an increase of the free sugar. 


Physiological Laboratory. 
Groningen, March 1921. 


Physiology. — “Ewperiments on the Quick component Phase of 
Vestibular Nystagmus in the Rabbit”. By A. on Kımrn. 
(Communicated by Prof. R. Masnvs). 


(Communicated at the meeting of March 26, 1921). 


When cold water is allowed to run into the right external audi- 
tory canal, a nystagmus will appear whose immediate effect is a 
slow deviation of both eyes towards the syringed, ergo the right side. 

This deviation is succeeded by a quick movement of the two 
eyes towards the non-syringed, i.e. the left side. Then again follows 
the slow deviation to the right. These alternations of slow-, and 
quick eye-movements will recur while the syringing continues, and 
for some time after. 

With every vestibular nystagmus the primary deflection is such 
a slow deviation, the so-called slow component phase of the nystag- 
mus; the rapid movement, the so-called quick component phase is 
secondary. 

It would be reasonable therefore to determine the direction of a 
nystagmus by the direction of the slow component phase. However, 
the quick eye-movements strike the observer more particularly, so 
that what in the clinical and in the physiological literature is called 
a nystagmus to the right is almost exclusively anystagmus in which 
the quick component phase moves to the right; whereas by a 
nystagmus to the left a nystagmus is meant in which the quick 
component phase moves to the left. Although in strietness this does 
not square with the theory, from a practical point of view it will 
be well to adhere: to this conception. 

All researchers agree that the slow component phase arises from 
a direct reflex from the labyrinth via the nucleus of the N. vestibu- 
laris to the nuclei of the eye-muscle and the eye-muscles. As regards 
the origin of the quick component phase, opinions differ widely. 
Hardiy any experiments have been made, so that we possess only 
a large number of more or less probable theoretical speculations and 
are still left much in the dark. 

We have no intention to discuss these several theories. Only one 
ofthem, viz. Barreus’ theory, we will test experimentally. Barreıs 
assumes that the source of the reflex that gives rise to the quick 
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phase must be looked for in the periphery. By stimulating the 
labyrinth certain eye-muscles gradually contract and their antagonists 
relax simultaneously (slow phase). This process is supposed to elieit 
a reflex which eauses a rapid contraction of the originally relaxed 
eye-museles and a rapid relaxation of the originally contracted eye- 
museles (quick phase). He relinquished his primary view that, owing 
to the contractions of the eye-muscles, the terminal branches of'the 
{rigeminus are stimulated and the reflex for the quick phase has its 
origin here, and adopted the view that the proprioceptive nerve- 
ends in the eye-muscles themselves, demonstrated experimentally by 
Tozur and SueRRInGToN '), represent the beginning of the reflex arc 
for the quick phase of the nystagmus. 

Now it seems easy at first sight to test experimentally the validity 
of Bartrts’ conception. When isolating one of the eye-muscles and 
recording during a nystagmus the movements of this muscle accord- 
ing to Barrers’ method on a Kymograph we need only to paralyse 
the proprioceptive nerve-ends in this muscle and see whether the 
rapid phase disappears. 

Barters”) himself had tried this previously by injecting eocain 
into one of the orbitae. This however engendered such a rapid 
paralysis of all the eye-nerves that the problem could evidently 
not be solved in this way. 

However we now possess a means to paralyse the proprioceptive 
nerve-ends in the musele. LiLJestrAnD and MAcnus®) have demonstrated 
that after injections of certain doses of novocain the muscles at the 
place where the nerves enter, the proprioceptive nerves are paralysed 
while the motor nerves retain their functions. 

If it should appear, however, that in ‘these experiments the rapid 
phase does not become extinet (or would with larger doses disappear 
only simultaneously with the slow phase at the moment when the 
entire eye-nerve has been paralysed) this could not be put forward 
as an argument against the theory of BarTkLs. 

When a nystagmus occurs, eontraetions and relaxalions of various 
museles of both eyes take place. If, therefore, one wishes to paralyse 
the DENPEIOGEDTR nerve fibers, ‚which come into play for the reflex 
of the rapid phase, it is not enough to injeet novocain into the 


isolated musele, but one has to eliminate all proprioceptive fibers 
of all eye-museles. | 


') Folia Neurobiologica. IV, p- 626. 


2) Klin. Monatsblätter für Au 1 
n genheilkunde 1914. Bd. L h 
%) Pflügers Archiv. Bd. 176, p. 168. en 
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This was effeeted in the following way: Tracheotomy was per- 
formed in a rabbit under ether anaesthesia and the respiration was 
maintained artificially. The vagi were severed and the carotids were 
temporarily closed by a clamp. Subsequently the M. externus of 
one eye, say the -left one, was prepared and at its extremity a 
thread was attached through which witl the aid of a lever the 
contractions of this muscle could be registered on a kymograph. 
Then followed the extirpation of the eyeball. 

Hereafter the skull-cap was removed, likewise the cerebrum and, 
after a frontal section through the brainstem a little before the cor- 
pora quadrigemina, part of the brainstem. Finally section of the 
two N.N. occulomotorii and the two N.N. trochleares at the base 
of the skull, and of the right N.N. abducens- and trigeminus at their 
entry into the, orbita. So all the eyemuscle-nerves and consequently 
also all proprioceptive nerves of the eyemuscles were cut through 
with the exception of one N. abducens, whose associated M. externus 
was used for the registration of the nystagmus. 

In some experiments also the two N.N. trigemini were severed 
at their exit from the medulla, with a view to ascertain once more 
whether a normal nystagmus could be evoked after severing both 
trigemini. Of this little is known in the literature. Hösyss'!) points 
out that in experiments conducted in his laboratory by Krkrxsz and 
v. MARSCHALKO, vestibular eye-movements still oceurred after section 
of the ganglion Gasseri; however, in his description he does not 
state clearly whether or no a quick phase came forward. Moreover 
these experiments were made only 'unilaterally. 

Kugo ’) only states in his well-known communication on the ves- 
tibular reflexes in rabbits: “Die Durchtrennung des N. vagus, glos- 
sopharyngeus und trigeminus in der Schädelhöhle bleibt ohne 
Einfluss auf die Reaktion nach der Einspritzung”. ) 

Fig. 1 shows the nystagmus in a rabbit whose M. externus had 
been isolated to the left and whose N.N. trigemini, N.N. oculomotorii, 
N.N. trochleares and right N. abducens had been cut through. With 
the eontraction of the M. externus the curve ascends. 

From this experiment it appears that deviation and nystagmus 
are still demonstrable after severing both N.N. trigemini and all 
the eyemuscle-nerves with the exception of one N. abducens by douching 
alternately the two meatus with cold water and registering the 
movements of the stilf innervated M. externus. When syringing the 


!) Ueber den Nerven mechanismus der assoziierten Augenbewegungen, übersetzt 
von Marrın Sugar. Urban und Schwarzenberg 1913, p. 82. 
2) Pflügers Archiv. 1906. Bd. 114, p. 151. 
88 


Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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Fig. 1a: Syringing of the left auditory meatus with cold water. It will be seen 
that immediately after the douching a nystagmus appears, in which a slow 
contraction is invariably followed by a quick relaxation. 


Fig. 1b: Illustrates the same with a quicker rotation of the kymograph. (The 


lever is shifted more towards the timeline, so that the contraction of the M. externus 
is not so small as it looks to be). 


Fig. lc: Syringing of the right meatus with cold water. 


Here just the reverse takes place to Fig. ia. Slow relaxations are followed by 
rapid contractions. The intense relaxation is very apparent just at the beginning 
of the douching. 


Fig. ld: Presents the same picture as Fig. lc at a later douching of the left 
ea with which the alternating relaxations and contractions are still distinetly 
visible. 
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meafus at the prepared side a nystagmus is elicited in which slow 
eontraetions of the muscle are followed by quick relaxations and 
conversely, when syringing the other meatus a nystagmus oceurs 
in which slow relaxations are followed by quick contractions. 

This finding calls in question the soundness of Barteıs’ theory. 
If stimulation -of the proprioceptive nerve-fibers in the eyemuscles 
were to generate the reflex for the quick phase, these nerve-fibers 
would have to be stimulated by contraction as well as by relaxation 
of the muscle. Another theoretical, hitherto unrecorded objection is 
this that with the compensatory eye-positions, in which also oceur 
considerable contraetions and relaxations of the eyemuscles, only a 
large deviation but not a nystagmus is observed. 

Our doubt proved to be well-grounded, as borne out by the 
following experiments in which .novocain was injected into the 
isolated M. externus. | 

Technical diffieulties caused a failure of some experimenis. Six 
experiments succeeded to perfection and all yielded precisely the 
same results. 

In every one of them the left M. rectus externus was isolated 
and the right N. trigeminus and all the eyemuscle-nerves were 
severed with the exception of the Zeft N. abducens. 

Registration of the nystagmus evoked by syringing the left meatus 
with cold water (slow contractions of the M. externus, followed by 
quick relaxations). Hereafter injection of 0.75—1°/, of novocain into 
the isolated M. externus (Lower concentrations of novocain did not 
seem to distinetly influence the nystagmus). With the above-named 
concentrations not only the proprioceptive nerves were paralysed 
but also a paralysis of the motor eye-nerve manifested itself. 

Also during the complete paralysis the syringing was continued; 
after some time the eye-nerve recovered itself slowly. In this manner, 
while syringing continually, we were also able to observe how this 
recovery occurred. 

Now if the theory of BarTELS is correct we have after the novocain- 
injection to expect at the moment when the proprioceptive nerve- 
fibers are paralysed but the motor nerve-fibers are still funetionating, 
a stage in which the quick phase of the nystagmus disappears, but 
the deviation still persists. Not before the moment when also the 
motor nerve-fibers are paralysed, will the deviation disappear also. 
Likewise during the recovery a stage of deviation is to be expected 
without a quick phase and only then, when the proprioceptive nerve- 
fibers begin to functionate, a normal nystagmus with a quick phase. 


A similar process has already long been known during narcosis. 
88* 


1362 


werenanerer Herner enrannere Herne 


[400 


’ 


N 
Drache 
prutlen 


oO 7 
N EEREEREREREARRRRR 


vorn 


H 
i 


Fig. 2. 


vorn 
$ Irossretemmererenmen Eee ee“ werererer er 
- 


Ka SIT TTEESSTESZEPEPPPPPPPPPERFRRRREE 


Ieere + 


Fig. 2: Ilustrates such an experiment. 
with cold water a deviation and a ny 
constant intensity. 


lt will be observed that during the etherization (at first ether 4 to 10, then 
rising slowly as high as 8 to 10), the muscle contracis more and more and the 
rapid beats of the nystagmus become smaller, until ultimately the latter disappear 
entirely and the isolated contracted muscle does not display any more relaxations. 


After the syringing is stopped the contraction decreases and gradually the slow 
phase of the nystagmus disappears. 


Directly after syringing the left meatus 
stagınus is evoked, which soon attains a 
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The experiments with injections of novocain into the isolated muscle 
present just the opposite picture. 
This is instanced in Fig. 3. 


an 


, 


"124 3 
HN 


1242 ] 


TAN 


far) 


Fig. 


+ 
BE 
= 

e 


Ob wat: ? 


I abi! 


Fig. 3: Deviation and nystagmus evoked by syringing the lefı meatus with 
cold water. 

After the injection with novocain the contractions of the muscle (slow phase) 
slacken, every slow contraction is however invariably followed by arapid relaxation 
in the same measure as before the nonocain-injection, so that ultimately minimal 
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contractions and relaxations alternate, or in other words the quick phase of the 
nystagmus does not disappear before the entire muscle is paralysed. 

After the total disappearance of the nystagmus the kymograph is stopped (at 
28 sec. past 12), and now after one or more minutes we ascertain whether 
recovery of the function is already discernible. As shown by the curve at 37 sec. 
past 12 new small minimal contractions recur. Every one of them is again followed 
directly by a quick relaxation. 


As stated above, five other quite successful experiments yielded 
the same result. 


CONCLUSIONS. 


BAarTELS assumes in his theory that the rapid phase of the vestibular 
nystagmus is brought about by a reflex originating near the proprio- 
ceptive nerve-fibers and that the terminal branches of the trigeminus 
in the orbita play a part in this process. 

As the facts brought out in the present investigations have proved 
this not to be the case, his theory cannot be accepted. 

The place where the reflex for the quick phase of the nystagmus 
arises is therefore to be looked for more towards the centra in the 
brainstem. 


Physics. — “Research by means of Röntgen Rays on the Structure 
of the Urystals of Lithium and Some of its Compounds with 
Light Elements”. I. By J. M. Bısvort and A. Karssen. (Com- 
municated by Prof. P. Zeeman). 


(Communicated at the meeting of March 26, 1921). 


(For some ten years the researches at the Laboratory for general 
and inorganic chemistry of this University have for the greater part 
been directed to the solid substance. With a view to extend the 
methods of research also to those that make use of Röntgen rays, 
hoping in this way finally to get more knowledge about the finer 
internal states of equilibrium, steps were taken to get the required 
Röntgen apparatus. 

Through the great kindness of the municipality and of the Amster- 
dam University Association we have now this institution at our 
disposal, and we feel obliged to express our hearty thanks to 
both bodies. 

The task we have set to leads us to the typical allotropie sub- 
stances, but first we wanted to examine some simple, but never- 
theless very interesting cases, in which results could be expected 
which are of importance for the knowledge of the nature of the 
link. For these cases were chosen Li and LiH, with the result 
described below. A. Smits]. 


I. LITHIUM. 


1. Introduction. The investigation of Li and some of its compounds 
with light elements is perhaps more suitable than many of the 
compounds examined hitherto for drawing eonclusions concerning 
structure and binding of the particles on account of the small number 
of eleetrons outside the nucleus of the component atoms'). 

The notion e.g. that eleetrons and ions must be considered as 
equivalent elements of the space lattice, which view offers inter 
alia great advantages for the explanation of the structure of the 

I), Thus DEBYE and SCHERRER could show for LiF, that there are no atoms, 
but ions in the lattice-peints. Physik. Zeitschr. 19, 474 (1918). 
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erystal, and for the relation between infra-red and ultra-violet 
frequencies, may be tested in a simple way in the case of lithium. 
In the case of an equally simple lattice set with atoms of a higher 
atomie number the problem will be more difficult to solve. Thus we 
hope to make out presently for lithium hydride, whether possibly 
negative hydrogen ions occur here'). 

The simplieity of these substances in contrast with more intricate 
compounds gives scope for hope that the result will be unequivocal. 
Moreover the said lithium compounds have the advantage that in 
using (he method of Desrs and Scherrer place and intensity of the 
lines are much less influenced by the absorption in the rod than 
they are with heavier compounds. The latter, when results of rays 
of different wave-lengths [Kco„- and Kc,-rays] are recorded, may 
give rise to small changes in intensity relations even as far as 
reversing them if intensity is slightly differing. So it lately appeared 
to us with sodium bromate. 


2. Apparatus. A Rausch von Traubenberg-Debye tube with 
exchangeable anti-cathode was used, as described by BısL. and KoLk- 
MEYER ?). The required high. voltage direet current was obtained by 
rectifying transformed alternate current with a Snook. The radius of 
the camera used was 5.0 cm., the dimensions of the diaphragms were 
the same as those described by Biss and Korkmeyer. The sample 
was rotated by means of a clockwork. 


3.  Photograms. After being cleaned under paraffin-oil and 
washed: with dry ether a rod of lithium, 1,5 to 2 mm. thiek was 
covered with a thin protecting layer of paraffin, and fastened by 
means of a glass foot in the axis of the camera. Even after days 
the surface remained bright metallie and shiny. A Cr-anticathode 
was used. The exposure lasted + 12 hours with a mean eurrent 
of # 12 mA., parallel spark between plate and point 3 cm. 
Then a film was made of a glass rod covered with paraffin 


to be able to eliminate the interference lines caused by these 
substances. 


4. Observations and caleulation. 


In column 1 of Table I are recorded the distances on the film from 
the middle of the image to the interference lines, expressed in mm., and 


) Compare Moers, Z. f. anorg. u. allg. Chemie 113, 179 (1920). 
2), These Proc.#Yol, 21; p. 405. 
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TABLE I. 
Distance in Cr, „radiation Cr, ,‚-radiation 
Wr and °|103 sin? & re 
estimated 9 RS % 
Be Te 3 2 Bu a 
intensity ze Eh En hche 
calculated| ° “"  [calculated 
1 2 3 4 5 6 7 8 
RE TE N ZIEN BEE A SUN ee a an 9 58 are 
RE 179 2 177 110 
475 2zs 214 2 213 110 
70.4 m 428 4 427 200 
81.0 zz 535 6 530 211 
91.6 s 640 6 640 211 
116.1 ms 852 ı 8 854 220 
120° 77 879 10 884 310 


the estimated intensities; in column 2 the values for 10°’ caleulated 


from this (on account of the slight absorption in the lithium correetion 
for the tbiekness of the rod was here unnecessary). In the well- 
known way the values referring to P-lines have been separated by 
the aid of the ratio Ag: A« —= 2,079.10-8:2,284.10-8. In corres- 
pondence with the regular erystalline form a common factor for 


Y 
10° sin’ of the «-lines was found, great 213,4. In connection with 


density, atomie weight, value of Avocapro and wave-length (resp. 
0,534, 6,94, 0,6062 .10° and 2,284.10-8) it follows that if the 
number of particles per cell is n, a value for the common factor 
A is ealeulated for n= 2, which corresponds with the observation 
and is equal to half the factor mentioned, while for A = 106,7 
follows n=1,99; hence per cell (lattice parameter a=3.50 . 10 ®cm.) 
there are two particles. In connection with the intensities of the 
diffraetion lines, those of planes with odd &% being absent, it is 
obvious that lithium erystallizes in centered cubes'). 

Table II gives the observed and calculated intensities, in which 
only the factor of the number of planes, the factor of Lorentz, and 
the structure factor (which in this case is the same for the planes with 


ı) Huıı already studied lithium, but could not decide between cubes with 
two atoms per lattice-point and centered cubes. Phys. Rev. 10, 661 (1917). 
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even ZA, and zero for those with odd 2A) have been taken into 
eonsideration. Hence absorption in the rod, temperature factor, and 
polarisation factor are not taken into account. We hope to ascertaın 
in how far anything can be concluded with regard to the configu- 


TABLE Il. 
Intensity | 
Planes 
Observed | Calculated 
-— 1 
100 _ er 
110 zS 6.0 
111 = 4 
200 m 1:5 
210 _ = 
211 s 4.0 
220 ms 1.5 
221 
300 | rs rn 


ration of the electrons outside the nucleus after photometry of the 
film. It can, indeed, already be stated that it is not possible to satisfy 
the erystallographical and intensity conditions by a model, in which 
by the side of the Li-ion, the valency-electron occupies a definite 
place in the space-lattice. We tested the arrangement which may be 
obtained in the following way, and which is the only one that 
deserves consideration: 

Draw the system of non-interseeting trigonal axes in the cell with 
edge «= 2a and place the valencey-electron on each axis in the 
middle between the ions. That the intensities caleulated for this 
model are not in agreement with the observed intensities appears 
from table III (supposition B; the effect of the distance of the 
'remaining electrons from the nucleus can be neglecied in this case.) 

On the other hand agreement with the observed intensities is 
found, when in this model the valency-electron is placed not on 
the trigonal axis, but revolving in cireles normal to the trigonal 
axis in the midst of the Li-ions (Table III, supposition C); here r 
— radius of the path supposed eircular. The weakening factor occur- 
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ring in this case for the electron ') makes the calculated intensities, 
72 5 & 
for values of mr, =0,1, i.e. r> #4 of the distance between two 


nuclei, differ but little from those found for case A (simply centred 
cubie lattice; the intensities of column A are not essentially affected 
by taking into account a weakening factor for the Li-atom.) The 
choice between the two models that are in agreement with the Röntgen 
investigation, viz. that with atoms in the lattice points and that with 
ions between which binding ceircles, will be postponed till after 
photometry of the film °). 


TABLE II13) 


Intensity 
PI - 


anes 


Observed | Calculated 


A B C 


(=) 


211 — 16 
220 z5 216 96 
321 _ 14 
400 m 54 6 
332 = A 
422 s 144 64 
431 
510 | | 2 
< | ms 54 60 


| 440 


It is, however, very questionable whether a decision can be made 
with suffieient probability along this line, i.a. on account of the un- 


1) Cf. the analogous calculations on binding circles in diamond by CosTer. 
These Proc: Vol. 22, p. 536 and KoLKkMEYER, Vol. 23, p. 120. 
3) Possibly this choice will be still more difficult here than it is for dia- 
mond, as the number of valency-electrons is here only l/, of the total number. 
3) The planes for which the structure factor becomes zero independent of 


the value of 2 have not been included in the table. 
a 
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certainty of some intensity factors, e.g. those referring to the thermal 
movement of the valency electrons. 

For the value of the diameter of Brase’s atomic domain ') follows 
from the given structure 3.04.10-8 which is in very good agreement 
with the value given by Brace (3.00.10 ®). 


5. Summary. Lithium erystallizes in centered cubes, lattice-para- 
meter a —= 3,50.10=8 em.; no lattice of stationary valency electrons. 
Possibly binding eireles normal to the trigonal axes. 

In concelusion we express our great indebtedness to Prof. Smıts 
for his assistance and the great interest he has taken in this work. 

Laboratory of Physical and Inorganic 
Chemistry of the University. 
Amsterdam, March 14th 1921. 


Whilst this paper was being printed our attention was directed 
by a paper of Tnirring (Z. f. Phys. 4, 1, 1921), to the appendix 
of a paper by Haser (Sitz. Ber. der Preuss. Ak. d. Wiss. 51, 990, 
1919), from which appears that at a meeting of the d. Chem. Ges. 
Desye already communicated, the result of still unpublished in- 
vestigation of Li, which agrees with our conelusion as to the 
arrangement of the Li-partieles, and the rejection of the lattice of 
stationary eleetrons. | | 


) Phil. Mag. August. (1920), p. 169. 


Experimental Psychology. — “On the Development of Attention 
From the 8" until and including the 12 year of life.” By 
F. Rorss and J. Fenpsrücer. (Communicated by Prof. 
C. WınKteR). 


(Communicated at the meeting of February 26, 1921). 


k; 


The literature records little about the development of attention 
in children, the writers having confined themselves only to the 
value which the experimental investigation of attention in adults, 
possesses for a proper notion of {he development of attention in 
children. Their investigations regarded the range of attention for 
simultaneous and successive impressions, its intensity, tbe aptness 
for distraction or the power of resistance to disturbing influences, 
the degree of clearness of. the several elements observed in one 
action. True, in the first part of his “Vorlesungen zur Einführung 
in die experimentelle Pädagogik und ihre psychologischen Grund- 
lagen’ ') Mzumann describes, on the basis of his own investigations, 
the development of attention in young individuals in all these 
respeets, but for want of space he had to forego .the publication 
of his experimental results. Children were also experimented on 
a.o. by F. N. Freeman ?), A. Kocn °), J. Haprıch *), D. Katz’) and 
M. v. Kuengure °); with exception of the first, all about attention 
and conseious isolating abstraetion, i.e. fixating of uniform elements 
from simple pietures. 


I) Leipzig 1916, p. 179 volg. 

2) Untersuchungen über den Aufmerksamkeitsumfang und die Zahlauffassung bei 
Kindern und Erwachsenen. Pädagogische Arbeiten des Leipziger Lehrervereins I, 1910. 

3) Experimentelle Untersuchungen über die Abstraktionsfähigkeit von Volks- 
schulkindern. Zeitschrift für angewandte Psychologie 7, p. 332. 

4) Experimentelle Untersuchungen über die Abstraktionsfähigkeit von Schülerinnen, 
Ibid. 9,.p. 189. 

6) Studien zur Kinderpsychologie. Wissenschaftliche Beiträge zur Pädagogik und 
Psychologie. Heft 4, 1913. 

6) Ueber Khstuaktionsfähigkeit und die elehung von Relationen beim vorschul- 
pflichtigen Kinde. Ibid. 17, p. 270; See also K. Bünter: Die geistige Entwick- 


lung des Kindes?. Jena 1921, p. 162. 
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Experimental psychological investigation of children has been of 
still rarer oecurrenee with regard to the process of the concentration 
of attention in continued labour. Counterparts to the psychological 
investigations of children by von Voss '), Rıvers and KRAEPELIN ?), 
AMBERG ?), Wersanpr *) and other experimentalists of the München 
school, do not exist. They would not, indeed, have satisfied us in 
the form given to them by these authors. For, although the fluetu- 
ations manifesting themselves in different places of their activity- 
eurve, whether they are due to the start, to accommodation, to 
practice, to fatigue, to the final spurt ete., are chiefly put down to 
the degree of attention, generally speaking, the task imposed upon 
the gubjects was too complicate fo bring out the effect of attention 
as clearly as possible. For this reason we have not made use of 
KrakpeLın’s eipher-tests but of the cancellation-test. 

We need not enter into an argumentation about the well-grounded 
validity of Bourpon and Biner’s ’) erossing-test, applied in the inquiry 
into the process of a prolonged concentration of attention. It has an 
advantage over KrakzpeLın’s cipher-test in that, unlike this test, it 
does not put in requisition any other function except attention °). 

In a previous investigation one of us established the advantages 
of this test notably with regard to the attention in children ”). They 
consist above all in the fact that the test may be classed among the 
ordinary schooltasks, and that also young children take an interest 
in it provided they can read. Besides this, the experiment may be 
carried out, without any diffieulty whatever, with several children 
simultaneously. 

The text consisted of a printed paper of 36 lines, comprising 
1768 letters distributed over 304 meaningless words. Some twenty 


!) Ueber die Schwankungen der geistigen Arbeitsleistung. Psychologische Arbeiten 
2, p. 399. 


?) Ueber Ermüdung und Erholung. Ibid. 1, p. 627. 

®) Ueber den Einfluss von Arbeitspausen auf die geistige Leistungsfähigkeit. 
Ibid. 1, p. 300. 

4) Ueber den Einfluss des Arbeitswechsels auf fortlaufende geistige. Arbeit. 
Ibid. 2, p. 118. 

5) Attention et adaptation. L’annee psychologique 6, blz. 364; B. Bourpon: 
Observations comparatives sur la reconnaissance, la diserimination et l’assocıation. 
Revue philosophique 40, p. 209. 

°) KRARPELIN: Die Arbeitscurve. Philosophische Studien 19, blz. 459; vgl. ook 
iz MEUMAnn: Vorlesungen zur Einführung in die experimentelle Pädagogik und 
ihre psychologischen Grundlagen III, Leipzig 1914, p. 390. 

?) F. RoELs en Jon. WERKER: Proeven over opmerkzaamheid bij doove, slecht- 


Se en normale kinderen. Tijdschrift voor Zielkunde en Opvoedingsleer 10, 
p- 209. 
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teachers of elementary middle-elass schools assisted us. A special 
procedure had been prescribed for them. The investigation was made 
with a whole class of from 20-to 30 children at the same time. 
The task was written on the blackboard and enjoined the pupils to 
eross as quickly and as well as possible all the a’s, the e’s and the 
h’s of which there were respectively 122, 331 and 59 in the piece. 
The trialpaper was put before the pupils immediately before the 
commencement of tle experiment. As the letters to be crossed’were 
written distinetly at the top of it, there was no necessity for the 
pupil to look at the blackboard in case he should waver. - 

Before starting the experiment proper the children had some 
preparatory practice. A piece of paper was laid before them on 
which were written similar meaningless words, in.which they had 
to cross the a’s, the e’s and the A’s with a peneil. This afforded an 
opportunity to give several hints necessary for an undisturbed and 
uniform progress of the experiment. The children were enjoined to 
eross out the letters only once with a single light stroke, and not 
to return to words and lines that had already been read. 

After the children had received all due information the real tests 
commenced. The teacher gave the sign for starting and marked the 
time. At intervals of a minute a signal sounded for the children to 
indicate with a mark the place they had reached. When a pupil 
was ready he had to turn over his paper, to put down his peneil 
and fold his arms till the last of them had finished his task. In all 
1123 children from 8—12 years were investigated: 596 boys and 
547 girls. Of either sex #100 children of the age of 8, 9, 10, 11 
or 12 years were at our disposal. As we could make use only of 
the experimental results of those children who had passed the age- 
limit by no more than three months and as we also had to put 
aside some unreliable results, no more than 1073 protocols were at 
our diposal, distributed over the two sexes and the various ages 
as follows: 


Boys 558. | Girls 513. 
8 years | 104 8 years 98 
g9+, 111 YR 101 
il 112 jour, 107 
Die 111 IlSe®, 105 
Dr 120 12=°,, 102 


1374 


In making up the protocols we determined: 1° »the time taken up 
by the test, a fraetion of a minute being eliminated; 2° the total 
number of mistakes. We considered as mistakes: a letters which 
should have been struck out and were skipped; d letters that were 
struck out by mistake. The mistakes sub a and b were added up. 
Finally the mistakes made in every minute were cast np (those sub 
a and b also put together). 


Table I shows the time required for the test by the children of 
various ages, boys and girls together and a sex separately. The 
first column ‘gives the arithmetical means (A. M.); the second the 
mean deviations (M. D.) and the third the er values (C. V.). 


TABLE I. 
Age (years) Boys ze: Girls BR VAR | So nous wann Children 
| am. M.D. |-CV. [240 Ju CV. | am. MD, | ev. 
8 Ken 135] 2,3. 13.1.16.1221 5 | 141 24 | u 
9 art? 12. 114555 21.0 a 
10 11 2 14133 a area he 
11 o Piste Br TER ZERE 
12 10 1.3 ER BR 1.9: 1° 10521810.87 Von 
| 


From this it appears that for boys and girls together, as well as 
for the two sexes separately, the time required for the labour de- 
ereases with the increase of age, leaving aside one exception: the 
boys of 12 years. (The average decrease from 8—-12 years is about 
30 °/,). It should be observed that the working-times of the girls 
are invariably longer than- those of the boys. As to the amount of 
work done in a certain time the boys are in advance of the girls 
by two years: the mean working time of the boys of 8 years is 
only little more than that of the girls of 10, while the mean time 
of the boys of 10 is exactly equal to that of the girls of12. These 
data are substantiated by the mean deviation, which in all cases is 
at most '/, of the arithmetic mean, and by the fact that the central 
values are invariably equal to or smaller than the arithmetic means. 
That the mean deviation lessens with the increase of years points to 
the fact that with the increase of years a decrease is observable of 


the individual differences regarding "the working-speed in various 
types of life-iime. 
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Table Il eontains the average number of mistakes; with the mean 
deviation and the central value, made by the children of different 
ages, by boys and girls collectively and by each sex separately. 


TABLE I. 
Age (years) Boys | Girls | Children 
AM. MD. | CV. AM. |MD. | cv. | AM. | MD. | cv. 

8 a saar Araal ss 1n25.3110544, 1451.71. 3] 055 
9 40 11.5 | 36 |-86:5 17.5 | 35 | s8.2 | 17.2 | 36 
10 20.3| 21.2| 33.5| 3.4 ı22| sı | s6.7| ı6.9| 3» 
1 30.5 | ıs.8| 27 | 33 ı1a.8| sı | 31.7| 14.3 | 30 
12 35 ısl 2 I 27 14.8. 35 | 32| 1ı3.3| 2 


Also the number of mistakes, as well as the time-values decreases 
rather regularly, both for the boys and the girls collectively and 
for each sex separately, with the increase of years. The boys of 
10 years form the only exception. While the average decrease of 
the number of mistakes for the boys of 8—12 years is 46 °/,, that 
for the girls is much larger, viz. 51 °/,. Since the working-speed 
in the same space of time increases for both categories only with 
30 °/,, the years seem to exert a greater influence upon accuracy 
than upon speed. Boys of 8, 9 and 10 years generally make more 
mistakes than girls of the same age. When considering the arith- 
metic mean the boys of 8 years seem to form an exception to this 
rule, but the rule holds good also for them when we consider the 
central value. From the 11! year, however, the'boys have the better 
of the girls; however, the differences are generally inconsiderable. 
For either sex and all lifetimes the central values are invariably 
smaller than the arithmetical means. The mean deviations, on the 
other hand, are rather considerable, as they amount to '/,—'/, of 
the arithmetical mean; here also they lessen with the increase of 
age. As for accuracy the individual differences become less significant 
as compared with the typical regularities, characterizing a certain age. 

Times and mistakes per se do not throw much light upon. the 
nature and ihe quantity of the work done. To realize both we first 
have to reduce the quantitative data of times and mistakes to one 
experimental value, in which either the time values. have been 
reduced to mistake-values or the reverse. We followed the first 
method and obtained our experimental value by adding to the average 

89 

Proceedings Royal Acad. Amsterdam. Vol XXIII. 
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number of mistakes, made by children of a certain age and the 
same sex, the average number of mistakes made during the minutes, 
by which the working-time of the group of children under con- 
sideration exceeded the minimum time required by a group of one 
and the same sex for the performance of the task. The same method 
was applied to the data of boys and girls taken together. Only, in 
this case we added to the average number of ınistakes, made by 
children of a certain age, the average number of mistakes made by 
them in the minutes they worked longer than the children of the 
group that required the shortest time for the performance of the task. 
The values thus obtained are collected in 


TABLE Ill. 
EEE EEE GESEEESSEEEEEE 
Age (years) Boys ‚Girls Children 
LE 
8 61.4 62 61.7 
9 45 41.5 46.25 
10 39.5 40.6 40.05 
11 29.7 38.8 34.35 
12 22 29.6 25.8 


The quality and the quantity of the work achieved being in 
inverse proportion to the experimental value, it is evident from the 
table that boys work better than girls of the same age. At 8-, 9-, 
and 10 years the difference is not so great, but at 11-, and 12 years 
it manifests itself distinetly. The proficieney exhibited with the 
advance of years is best illustrated by a comparison of the experi- 
mental values for boys and girls together: from 8—12 years it 
amounts to as much as 58 °/.. 

In Table IV we have given in the first column in percentages of 
the experimental values the superiority of the achievements of the 
boys over those of the girls of the same age. In the next three 
columns we have tabulated the progress made by the boys and 
girls together, and the two sexes separately, from 8—9, from 9—10, 
from 10—11, and from 11— 12 years. The increase of the achieve- 
ment with every transition is expressed in percentages of he experi- 
mental values. 

When examining tables III and IV more closely we see, that the 
achievements at 12 of boys and girls separately and of the two 
sexes collectively surpass those at 8 resp. 2.8, 2.2, and 2.4 times. 


1377 


Broadly speaking the work done by boys of 11 years is equal to 
the work done by girls of 12 years. Whereas with boys a slowing 


TABLE IV. 
a 
Advantage 
Age (years) Baien = the| Age er = RE en 2 
8 1 
ee 27 23 25 
1) 5 = 
_ 9—10 13 15 14 
10 2 
a 10—11 25 5 15 
11 24 = 
11—12 
26 24 25 
12 26 


of the regular progress is observed between 9 and 10 years, with 
girls it is not noticeable before the 10th. year. Before and after that 
time the yearly progress is much more considerable both with boys 
and with girls. j | 

Table V divides the children in quick, fairly quick and slow 
workers. The time required for tbe task varying from 6 to 18 
minutes, these three categories corresponded respectively with the 
thres time-groups 6—9, 10—13, and 14—18 minutes '). 

For every age, for boys and girls separately, and for the two 
sexes collectively, we give the percentages of the frequency, with 
which quick, fairly quick and slow workers occur. 


TABLE V. 
TE ET En Tr st Tu EI ER nr (re ne ni I en u 
Boys Girls Children 

=. Fairl Fairl Fairly 
Quick ahick Slow ||Quick ich or Quick| quick | Slow 
Le Am EEE 1 ER | PS Eee ERBE BEE EEE 
8 6 43 51 0 22 78 3 32.5 | 64.5 
9 14 57 29 0 34 66 1 45.5 | 471.5 
10 24 56 | 20 6 49 45 15 52.5 | 32.5 

11 45 50 5 | 20 43 3% 182/524. Zi 
12 50 49 1 | 32 56 2 | 4 52.5 6.5 


l) Vgl. F. Rosts en JoH. WERKER: Proeven over opmerkzaamheid bij doove, 
slechthoorende en normale kinderen. l.c., p. 212 and 213. 


8I* 
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The percentage of quick workers increases regularly with age 
for the boys and girls separately and for the two sexes collectively, 
that of the slow workers lessens regularly. As to the fairly quick 
workers the change in their percentage is not regular, neither for 
the boys nor for the girls. The moving up from slow to fairly quick 
workers is among the boys, with the exception of boys of from 8 
to 9 years, invariably less considerable than from fairly quick workers 
to quiek ones. Among the girls, on the other hand, the transition 
from the fairly-quiek to the quick workers is more marked only 
from 10—11 and from 11 to 12 years of age. The difference in 
this respect between boys and girls manifest itself still more distinetly 
by the fact, that of the 50°/, decrease in the percentage of slow 
workers among the boys from 8—12 years, 44 °/, falls to the benefit 
of quick workers and 6°/, to the fairly quick-ones; for tbe girls 
these values are respectively 32 °/, and 34 °/,. 

This has been tabulated in 


TABLE VI. 
Boys Girls Children 
Age (years) n 5 
Quick de Stow |[Quick Die | Slow ||Quick Fr | Slow 
8-9 An laareta | 2) | +12 |-12 ||+ 4 | +30 
9 a ee rk a PL 90 12 2,7 SS 
DI | 3 kiahg dh Saal hir Ali ip | 11.5 
11-12 | = | ea a ES WE a a ee | 14.5 
en | +44 | +6 |-50|| +32 | +34 | 66 + | + | 58 


It illustrates how the decrease in the number of slow workers 
for the boys and girls separately and for the two sexes collectively 
benefits tbe groups of quick and fairly quick workers. The values 
were obtained by calculating the difference, positive and negative 
of the percentage of the quick, the fairly quick, and the A 
workers in two successive years. For each of the three several 
groups the algebraic sum of these differences expresses the increase 


or the deerease of the percentage of the quick, and the slow workers 
in the five years. 
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When reverting to Table V we see that more than half the 
number of boys and rather more than ?/, of that of the girls of 8 
years are slow workers. Among the boys of 8 and 9 years there 
are respectively 6 and 14 °/, quick workers; among the girls ofthe 
same age there are none. Since among the girls of 10 years there 
is as large a percentage of quick workers as among the boys of8, 
the latter have the start of the former by two years. Later on this 
. advantage lessens: tben the boys between 9 and 10 years are on 
a level with the girls of 11; boys between 10 and 11 years on a 
level with girls of 12. 

Conversely, the percentage of slow workers among the girls is 
invariably greater than that of the boys of the same age. In course 
of time it also decreases far less rapidly among the girls. So also 
here the boys are in advance of the girls. Among the boys of 9 


TABLE VII. 
E Boys Girls Children 
UV 
> 
er ‚| Fairl ıl Fairy|o ‚| Fairl 
& Se Auich | Slow ||Quick Sb, Slow ||Quick ach Slow 
A.M.| 72 53 | 46 — 79 46 | (2) 66 46 
8 |M.D.| 30 23 17 = 42 19 || (30) 31 20 
cVv.| 61 49 40 “ 59 39 || (61) 51 40 
| ker 
AM.| 50 40 34 A 41 34 || (50) 40 34 
GI MDF 23 17 16 1. = 17 15 || (23) 17 15 
CV.| 4 35 28 — 43 42 || (44) 39 32 
A.M. | 48 39 29 | 35 35 30 | 42 37 29 
ı0 |MD.| 26 20 13 7 14 11 24 17 12 
CVv.| 40 34 27 || 33 35 27 || 30 34 27 
| 
A.M. 32 28 ZEN AR 33 27 40 30 25 
11 M.D. | 14 14 8 14 14 12 16 14 12 
CV. | 32 25 2 || 4 31 24 | 35 26 23 
| 
AM | 23.5) 21 8 || 34 250.19 || 30 u Ben 
12.1-,M.D..Iı 13 10 2 13 = 1b; 13 13 8 
EV.N723 20 a N 17.5 | 16.5|| 28 20 18 
| 
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years e.g., there are fewer slow workers than among the girls of 
11 years. Boys between 10 and 11 years are about on a par with 
girls of 12. , 

For the boys and girls separately and for the two sexes collect- 
ively we have caleulated the mean number of mistakes, made by 
the quick, the fairly quick, and the slow workers of each lifetime. 
The arithmetical mean, by the side of it the mean deviation ‚and 
eentral value is given for each of the three groups and for each 
‘age in the columns of Table VII. Some figures in the column of 
quick workers under the heading “children” have been put in 
brackets to indicate that they are the results of calculation of the 
data for boys, since among the girls of 8 or 9 years there are no 
quick workers. (See Table VII p. 1379). 

The average number of mistakes invariably increases at each 
age for the boys and girls separately and for both sexes together 
with the speed of working. There is only one exception; for the 
girls of 10 years the mean number of mistakes of the quick workers 
is as great as that of the fairly quick workers. The mean deviation 
is rather high: '/,—'/, of the arithmetical mean ; however the central 
value is generally lower than the average. 

In disceussing the data of table IV we have already pointed out 
a slowing in the regular progress of the boys between 9 and 10 
years. Among the girls this oceurs only between the age of 10 and 
11. This phenomenon is corroborated by the data of table VII. In 
all categories the decrease of the number of mistakes is least for 
boys of 9—10 and for girls of 10—11. As to the quick workers 
among the girls the mean number of mistakes made by girls of 
11 is even greater than that made by girls of 10. 

The above is elucidated by table VII which shows for boys and 
for girls the decrease of the number of mistakes from year to year 
in percentages for quick, fairly quick, and slow workers. We also 
added the percentages of the total decrease of the number of mistakes 
in the five years’). The slowing in the decrease of the mistakes of 
boys of 3710 and girls of 10—11 years, irrespective of their being 
quick, fairly quick or slow workers, is conspieuous. The abrupt 
fall among the boys of 8—9 years is striking, among the girls it 
does not appear before a twelvemonth later. | 

The decrease of the number of mistakes in the five years is 


..') Data concerning the total decrease of the number of mistakes in the five 
years for slow workers among the boys and quick workers among the girls have 
not been tabulated here, seeing that there were not enough slow workers amon 
the boys of 12 and no quick workers at all among the girls from 8—9 years. 5 
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TABLE VII. 
RE nn se anna u u En nn BEE FR EEE EST SEEEREESIERNEEESFEER 
Boys | Girls 
Age (years) ge 
Quick |Fairly quick | Slow Quick |Fairly quick | Slow 
8-9 28 29 30 = 28 wi ui 
= 9 3 4 Te 19 36 
-10—11 Aa 20 27 19 + 28 Bule 11 
11—12 . 28 Br .- ER 44 31 £ 
Sn en| on | - || - 


largest among the girls; it progresses with the speed of working. 
For the quick, and the fairly quick workers among the boys and 
for the fairly quick, and the slow workers among the girls it 
amounts resp. to 62°/,, 59°/,, 70°/, and 98°/,. 

In Tables IX and X tlıe data of the other tables are specified. 
Table IX contains for the boys and the girls separately and for the 
two sexes collectively the percentage of children of each of the three 
categories, that actually made from 0--10*/,, from 11—20°/,, from 
21—30°/,, from 31—40°/, and from 41—50°/, of all the mistakes 
that could be made. 

In arranging the data for this table we considered as mistakes 
the letters which should have been struck out and were skipped; 
letters that were crossed mistakenly were left out of consideration. 
We could readily do so because the latter are by far fewer in 
number than the former. In fact they might have been left out of 
consideration in all our caleulations without interfering with the 
accuracy of the experimental data. The scarcity of percentages in 
the columns 31--40°/, and 41—50°/, is due to the fact that the 
groups concerned did not yield enough cases of the percentages 
under consideration to be worked out mathematically. 

Table X gives for boys and girls separately in percentages the 
inerease of the percentage of children that made from 0—-10 °/, and 
from 11—20°/, of the possible number of mistakes. As mistakes 
were considered, just as in table IX letters that should have been 
struck out but were skipped. No caleulations were made from the 
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TABLE IX. 
Age (years) 0—10 11—20 21—30 | '31—40 41—50 
Sn nv Fo aa 
B. 58 37 2 2 1 
8 G. 60 30 6 4 _ 
| C. 59 33.5 4 3 0.5. 
B. 76 22 2 = er 
9 75 24 1 _ _ 
G 168) 23 1.5 _ _ 
B. 12. 20 8 E= —_ 
10 G. 88 12 en = 22 
C. 80 16 4 == —_ 
B. 86 14 — zen BE 
11 86 13 1 Br 2° 
& 86 13.5 05 Re ey: 
B. 95 5 — 13 Ar 
C. 92.5 1 0.5 E— den 
TABLE X. 
Boys Girls 


Age (years) 


Increase of 
mistakes 0-100/, 


Increase of 
mistakes 11-200/0 


Increase of 
mistakes 0-100/, mistakes 11-200), 


Increase of 


8-9 +18 a +15 Er 
9—10 EN — 2 +13 ande 2 
10-11 +14 Fe ei | art 
1-12 LE — 9 ee | Te: 

en Hm | m | 4m | oa 
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data of the columns 31—40 °/, and 41-50 °/,, their number being 
too small. Lastly we annexed the percentages of the total increase 
of the number of mistakes in the five years. 

The data of tables IX and X confirm in every respect the results 
hitherto obtained. For boys and girls a constant increase is to be 
observed of the number -of cases in which from O0 to 10°/, of the 
total number of possible mistakes was made; on the contrary a 
constant decrease of the number of cases with 11-—20°/, of the 
total number of possible mistakes. Here also the downward progress 
among the boys from 9—10 years and the girls from 10-—-11 years 
is remarkable. The increase and the decrease for boys is most 
marked from 10 —11 years; whereas the girls present the best 
results before the transition from 9—10 years, certainly with respect 
to the deerease but to some extent also as regards the increase. 
Let it finally be observed that, taking the five years together, the 
increase and the decrease are invariably greater among the boys 
than among the girls. This experience, of course, does not confliet 
with the faet shown in table II, that the number of mistakes for 
the boys from 8—12 years diminishes on an average with 45 °/,, 
for the girls, however with 57 °/.. 

In that table we recorded the absolute decrease of the mistakes; 
here, however, the decrease of a certain group — the cases of 
11—20°/, of the total of the possible number of mistakes — to the 
benefit of another group, viz. that of cases of 1—10°/, of the total 
of the possible mistakes. 


CONCLUSIONS. 


1. The time, required for the work, decreases on an average 
with 30 °/, from the 8: to the 12th year. 

2. The working times of the girls are invariably longer than 
those of. the boys. As regards speed of working the boys are 
generally in advance of the girls by 2 years. 

3. The accuracy of working increases from the 8 to the 12! 
year for the boys with 46 °/,, for the girls with 51°,.. Boys of 8, 
9 and 10 years generally make more mistakes than girls of the 
same age; after the eleventh year, however, the boys surpass 
the girls. 

4. By adding up to the mean number of mistakes, made by 
children of a certain age and a definite sex, the mean number of 
mistakes made in the minutes, by which the working time of the 
category of children under consideration surpassed the smallest 
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number of minutes, required by a group of the same sex for the 
achievement of the same sex for the achievement of the task, we 
obtained an experimental value, comprising the quantitative data 
regarding time and mistakes. From these experimental values it 
appears that boys always work better than girls. At 8, 9 and 10 
years of age the difference is not so great. It is very conspieuous 
however for the 11-, and 12-year old children. The improvement 
in the work of 8—12 year old children is 58 °/,. 

5. Among boys from 9—10 years a slowing is observed in the 
regular progress; among the girls it appears a year later. 

6. The percentage of quick workers increases regularly as they 
grow older for the boys and girls separately and for the two sexes 
collectively; that of the slow workers decreases. The advance from 
slow to fairly quick workers is among the boys (with the exeeption 
of those from 8-—-9 years) invariably less than the advance from 
the fairly quick-, to the quick workers. Among the girls, on the 
contrary, the advance from the fairly quick-, to the quick workers 
is most marked only from 10—11 and from 11— 12 years. 

7. As regards the number quick workers among boys of 8 years, 
the boys have the better of the girls. This superiority lessens later 
on; then the boys from 9—10 years are on a par with girls of12. 
The same applies to the number of slow workers. Among the boys 
of 9 years e.g. (here are fewer slow workers than among the girls 
of 11. Boys between 10—1li years are on a level with girls of about 
12 years. 

8. With one exception the accuracy of working deereases at each 
age for the boys and girls separately and for the two sexes collectively. 
The inerease of accuracy in the five years is largest among the 
girls; it augments with the speed of working. 

9. For the quick-, the fairly quick, and the slow workers among 
the boys a slowing of the regularly increasing aceuracy is observed 
from 9—10 years; for those among the girls a year later. 


IE. 


In the Proceedings of the Meeting of Feb. 26. 1921 ') we published 
under the same title the results of an inquiry into the phenomena 
of attention, appearing during persistent labour. We now present a 
sequel to it in a number of data concerning the types of workers 
(hat acted as experimental subjects. For the technique and the 
arrangement of the investigations ] refer to our previous publication. 


!f Verslagen van de Kon. Akad. v. Wet. Wis- en Natk. Afd. DI. XXIX, blz. 1077. 
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In Table I we have grouped for every one of the three several 
categories of quick, fairly quick, and slow workers among the boys 
and girls separately and among the two sexes collectively, the num- 
ber of minutes required for the task in three groups of consecutive 
minutes. If the number of minutes was not divisible by 3, the first 
and the last group were made equal so that the middle one was 
one minute larger or smaller '). Then the average number of letters 


TABLE I. 
en nn men ar. a ee 
ER $ Boys Girls Children 
years) 5 
& [Quick jet ae [Per [er] Sk | © Stow |Quick ER Stow |Quick u Slow 
Is er 0a _ 118°) 79.|(1s3), 1189| oo 
8 a1. 101524. 187.1% 07 | — 1,135.) 110 | 152) |. .142..|. 106 
m | 198] 127 | 1| — | 107 | 1slaey| 1 | m 
PRET, | 
era] 1265| srl) 136R | 08 
9 ae 15) Bo laneyl 146 |#1s 
m | 2038| ı37 | ıı5| — | 117 } ıs9 |@os)| 129 | 127 
| 
el 138, 16| 163 ı 135 | j6s| .ıa7 | 10 
10 u | ıs| 10 | ıos| ıcı | 143 2 ım| 156 | ızı 
m | 201 | 147 | ı20| ı98| 125 | ı28[ 200 | 135 | 1283 
| 
ı | ıa | ıı | 1a] ıa| 12 | 10| ısı| 146 | 115 
11 nm | ı2| 185 | 17] ı2 | 159 | ısa| ısıl Im |.13 
m | 2190| ıcı | ızıl 212 | 135 | 1s| 2135| 147 | 186 
ı | ısı | 152 | ı2s| ı16| ı53 | 110] 1822| 152 | 116 
12 u lıs| ıs | 1m] ı6| 157 | 1532| 183 | 170 | 134 
m | 20| ı63 | ıs0o| 2190 | ı37 | ıs2| 217 | 147 | 180 


4CH F. Roeıs and Jon. Wenrker : Proeven over opmerkzaamheid bij Luce; 
slechthoorende en normale kinderen, l.c., p. 212 and 213. 

F. Roeıs: Vergelijkend onderzoek van eenige met behulp der natuurlijke en 
experimenteele leerwijze bij de studie van het geheugen verkregen resultaten. Ver- 
slagen Kon. Akademie van Wet. 1917, deel XXV, blz. 1315 en 1316. 

J. Dauser: Zur Entwicklung der psychischen Leistungsfähigkeit. Fortschritte 
der Psychologie und ihrer Anwendungen, 5, biz. 86, 108, 117 en 130. 
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read in a minute was caleulated for every group. By comparing 
the values for every group we can conceive the changes in the 
working-rate of the quick, the fairly quick and the slow-workers 
as the labour proceeds. 

The quick workers among the boys and the girls work invariably 
harder in the third period than in the first and second; in the last 
two their working rate is about equal. In course of time the differ- 
ence in working-rate with this category of boys and-girls between 
the first and the third period first decreases (from 8 to 10), then 
remains constant (the differences between the third and the first 
periods are resp. 29, 18, 15, 15 and 15 °/,). For the rapid workers 
among the girls the difference in working-rate between the third, 
and the first period decreases a little from the 10! to the 12" year, 
although not much; the differences are resp. 21, 22 and 24°/,. 

The fairly quick boys always work hardest in the 24 period, 
and in the third barder than in the first. As to the fairly quick 
girls we also find that they work hardest in the second period but, 
contrary to the boys, they work quicker in the first period than in 
the third. Since the changes in the working-rate in the three periods 
with the fairly quick and the slow workers among the boys and 
girls are not so simple as with the quick workers, we have tabulated 
below for the quick, the fairly quick and the slow workers among 
the boys and girls the percentage with which the working rate 
increased from the first to the second and decreased from the second 


TABLE Il. 
En 


Boys Girls 


Age (years) Quick Fairly quick Slow Quick Fairly quick Slow 


n—II 


I—1I N—IM | I—U |N—IM | I—-II |I- = I—1 un I—1 a I—1 


ee LE BE N er, BEI SE EEE EN NERHEREN 
8 - 30 [+33 1224 122 +5| - - +51 mn | +4 
9 E +13 | 4241-15 | —5| 114 - | - +7 | | +38 | +16 
10 +0.5 | +41 4233| 16|7|41 |- 1231 or | +47 | a 
11 +0 +4 |42|1-5| —-8| 4122| 1 +2 +2 = -+28 | 7 
12 KH | ia rate | on | 0o/+24|+3|-ı5 | 138 | —15 
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to the third period. The percentages express the increase or decrease 
of working rate in the second, resp. the third period as compared 
with the preceding period. 

It now appears, that as regards the fairly-quick boys of 8 years, 
there is a large increase from I— II, on the contrary a less consider- 
able decrease from II to Ill. For the other ages the increase from 
I to II is also larger than the decrease from II to II. 

On the one side however the percentage of the increase in the 
working-rate from I—II, and on the other the percentage of decrease 
from II to III remains approximately constant (resp. + 24, + 23, 
-+ 22, + 22 °/, and —- 15, — 16, — 15, — 13 °/,).. The percentages 
with which the working-rate among the fairly-quiek girls of differ- 
ent ages increases from I to II and decreases from II to IIl do not 
require special discussion. 

With a few exceptions the slow boys and girls (the girls from 
11—12 years) work hardest in the third period. But whereas the 
boys work harder in the first period than in the second, the reverse 
oceurs with the girls. Just as in the case of the fairly-quick girls, 
the percentages of increase and decrease in the working-rate of the 
slow boys and girls of different ages from I to II and from II to III, 
do not give rise to any further discussion. For the boys, with the 
exception of those of 8 years, these percentages are approximately 
constant. This constancy is however not noticeable among the slow girls. 

It would be too bold to draw any conclusions from the changes 
in the working-rates in connection with the influence exerted by 
the various factors that come into play with persistently eontinued 
labour, such as the start, the adaptation, practice, fatigue, abrupt 
instinetive actions of the will, voluntary concentrations of longer 
duration, the finish ete.‘) The task our experimental subjects were 
directed to perform, was too simple and too uniform for such con- 
elusions. Similarly our inquiry does not afford reliable evidence 
relative to the problem of the working-types. Moreover, the factors 
governing the working-process and to whose interference the differ- 
ent types owe their existence, lacked scope to display the irinfluence to 
the full during the comparatively short period required for our 
experiments. Nevertheless soıne of the above regularities may be 
classed with one of the types distinguished by Mrumann from a 
quantitative point of view with persistently continued labour Mev- 


1) Cf. Rıvers und KRARPELIN: Ueber Ermüdung und Erholung, Psychologische 
Arbeiten 1, blz. 636 en 639; LiwouLey: Ueber Arbeit und Ruhe. Ibidem 3, blz. 
513; v. Voss: Ueber die Schwankungen der geistigen Arbeitsleistung. Ibidem 2. 
blz. 399. 
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MANN observes: “Vielleicht können wir drei Hauptformen des Arbeits- 
verlaufs unterscheiden, indem bei einigen Individuen die Arbeit mit 
einer relativ grossen Leistung einsetzt und dann mit mancherlei 
Schwankungen allmählich abnimmt, bei einer zweiten Gruppe von 
Menschen erreicht die Arbeit erst nach längerer Zeit ihr Maximum, 
um dann allmählig abzunehmen, bei einer dritten tritt das Arbeits- 
maximum erst gegen das Ende einer längeren Arbeit ein.') ‚UORE 
sidering that not any of the groups of boys and girls worked quickest 
in the first period, we could not verify the first type. The fairly- 
quick children, with ‘the highest working-rate in the second period, 
are no doubt to be classified with tbe second type. Nor can it be 
doubted that Mrumann’s third type is represented by the quick 
workers among the boys and the girls that work hardest in the 
third period and about equally hard in the first and second, as well 
as by the slow girls that work quicker and quicker and by the 
slow boys that, in spite of a fair start, begin to slacken a little in 
the second period, but still reach their maximum in the third. 

With regard to the types of workers we wish to say another word: 
With the exception of the eight-year-old boys and girls among the 
three categories and all the female subjeets among the slow workers, 
all the other groups, whichever may be the age of the children, 
exhibit a striking constancy in the percentages of increase or decrease 
of rate resp. from the first to the second and from the second to 
the third. This appeared from a eloser inspection of the data in 
table II. The conelusion therefore seems justifiable that the types are 
formed after the 8! year and maintain themselves at the very least 
until the 12h year. New experiments with older children will have 
to show whether or no and if so when the type changes again. 
We cannot find ont to what cause the exception of the slow workers 
among the girls is to be ascribed. 

Lastly we have given in Table III a survey of the mistakes made 
in each category in the three periods established for Table I. A 
comparison of the values for every group enables us to form an 
idea of the changes in the accuracy of working among the three 
categories of workers as the work progresses. 

The quick workers among the boys and girls of different ages 
most often make most mistakes in the third period; only the boys 
from 9 to 12 and the girls of 12 years of age make most mistakes 
in the second period; for the boys of 9 and the girls of 12 the 


!) Vorlesungen zur Einführun 


i g in die experimentelle Pädagogik undih Br 
logischen Grundlagen. II, Leipz gogik und ihre psycho 


ig 1913, blz. 389; vgl. ook 1Il, blz. 51. 
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TABLE II. 
4 Boys Girls Children 
Age | 3 
ER: -Fairl Fairl Fairl 
& . alrıy . aırıy 3 air 
Quick quick Slow |Quick quick Slow [Quick ich Slow 
a a a Eee DR PR I 25 28 31 — 23 29 | (25) 27 31 
8 1 28 38 32 —_ 41 "35 (28) 38 33 
1 47 34 37 — 36 36 (47) 35 36 
Bi ae at 
| 
I 32 26 29 — 32 29 (32) 28 29 
9 I 35 42 39 —- 38 34 | (35) 41 35 
11 33 32 32 _ 30 37 (33) 31 36 
| | | | 
| 
I 24 27 28 28 24 31 25 26 34 
10 N 3 NET 3S 34 28 42 34 35 40 30 
IH 39 35 38 44 34 35 40 34 36 
a | 
I | 22 26 3l 29 23 28 25 24 29 
11 I. 3 44 45 33 37 39 36 38 42 
In | 40 30 24 38 40 33 39 38 29 
ZA | 
I 29 28 — 32 25 27 3 26 29 
12 1 40 35 — 35 42 37 37 39 36 
II 3 37 = 33 33 36 32 35 35 


difference in the percentage of the mistakes is however very small 
in the second and the third periods. The smallest number of mistakes 
by the quick workers among the boys and girls of all ages is made 
in the first period. This phenomenon, which recurs with a single 
exception also among the fairly quick and the slow workers of both 
sexes, finds an explanation in the fact that the children are still 
fresh in the first period:and consequently the influence of fatigue 
does not yet inhibit the favourable action of the start, the adaptation 
and may be also that of practice. That most mistakes are made in 
the third period is not surprising when we consider that, as appeared 
in our discussion of the data of table I and II, the working rate of 
the quick workers is just greatest in the third period and that, as we 
stated before, the number of mistakes increases with the working-rate. 
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The fairly-quick workers of either sex make the largest number 
of mistakes in the second period — with the exception of the boys 
of 1% and the girls of 11. Fewest mistakes were ever made in the 
first period (one exception: the girls of 9). Here again the difference 
in the percentage of the mistakes in the third and the second period 
is very small, so that we find also for the fairly-quick workers that 
the general rule (the number of mistakes increases with the working- 
rate) not only holds for the working-time and the total number of 
mistakes, but also för the groups into which we have split them 
up. The slow workers among the boys and girls form an'exception 
to this almost general rule. Although they work hardest in the third 
period, it is only the boys of 8 and 10, and the girls_of 8, 9, and 
10 that make most mistakes in this period. The boys of 9 and 11 
and the girls of 11 and 12, on the contrary, make most mistakes in 
the second period. And whereas the difference in the percentage of 
mistakes is mostly small for the second and third period in the 
exceptional cases of the other categories, it is here rather consider- 
able except for {he girls of 12. 

The reasons for this deviation among the slow workers we were 
not able to detect. Finally it is worth recording that also the slow 
workers make fewest mistakes in the first period. Boys of 11 years 
form the only exception in the 9 cases of slow workers. 


CONCLUSIONS. 


1. As regards the quick workers among the boys and girls more 
work is done in the last period than in the first and the second; 
in the lalter two the rate is equal. With years this difference in 
the working-rate, which occurs in this category of boys between the 
third and the first period, first deereases (from 8 to 10); then it 
remains constant. For the quick workers among the girls this differ- 
ence increases a little, though not much. from 10—12. 

2. The fairly-quick boys always work hardest in the second 
period and in the third harder than in the first. The fairly-quick 
girls also work hardest in the second period, but in the first harder 
than in the third. 

3. The slow boys and girls work quickest in the third period, 
with the exception of a few. But whereas the boys work quicker 
in the first than in the second, just the reverse is the case with 
the girls. 

4. We agree with Meumann in distinguishing three principal forms: 
“Indem bei einigen Individuen die Arbeit mit einer relativ grossen 
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Leistung einsetzt und dann mit mancherlei Schwankungen allmählig 
abnimmt, bei einer zweiten Gruppe von Menschen erreicht die Arbeit 
erst nach längerer zeit ihr Maximum, um dann allmählig abzunehmen, 
bei einer dritten tritt das Arbeitsmaximum erst gegen das Ende 
einer längeren zeit ein.” As not a single group of boys or girls 
worked quickest in the first period, we could not verify experi- 
mentally the occurrence of the first type. To the second type belong 
no doubt the fairly-quick children with the greatest working-rate in 
the second period, which ends more slowly with the boys than the 
girls, but begins stronger with the latter than with the former. No 
more can it be doubted but that Meumann’s third type is represented 
by the quick workers among the boys and the girls, that work 
hardest in the third period and equally hard in the first and the 
third, just as by the slow girls, that work quicker and quicker and 
by the slow boys who, in spite of a fair start, begin to slacken a 
little in the second period, but nevertheless attain their maximum 
in tbe third. 

5. After the 8! year the working-type is developed to maintain 
itself at the very least till the 12th year. New inquiries with older 
children will have to be made to ascertain whether or no, and if 
so when, changes will occur still later. 

6. The general rule that accuracy decreases with the working-rate 
does not only hold good for the working-time and the total number 
of mistakes, but also for the groups of the first, the second and the 
third period into which we have split them up. 


90 
Proceedings Royal Acad. Amsterdam. Vol. XXIII. 


Physiology. — “Concerning Sulphaemoglobinaemia.”’ By Prof. A. A. 
HıJMANS VAN DEN BERGH. 


(Communicated at the meeting of March 26, 1921). 


The blue colour of the skin and the mucous membranes, called 
cyanosis is almost exclusively due to a lowered oxygen content 
of the blood. Occasionally it is brought about by a slight 
modification of the blood-pigment into the so-called methaemoglobin, 
consequent on poisoning with some substances, such as nitrites, 
nitrobenzol, anilin-derivatives and the like. We are greatly indebted 
to Storvıs and to Tarma!) for pointing out to us the fact that 
in some cases of intestinal disease poisonous substances formed 
in the intestinal canal are resorbed in the blood, and likewise evoke 
methaemoglobinaemia with cyanosis. My own researches made in 
1905?) went to sbow that in these forms of enterogenous methae- 
moglobinaemia nitrites are answerable for the formation of methae- 
moglobin from the bloodpigment. In addition, on further investigation 
I came across people exhibiting such a cyanosis, which, however, 
appeared not to be due to the presence of methaemoglobin but to 
a substance {hat possessed qualities which proved it to be sulphae- 
moglobin i.e. the compound formed when allowing small quanta 
of sulphuretted hydrogen to act upon haemoglobin. In all these cases 
the serum was free from dissolved pigment, so that there was no 
haemolysis. Afterwards we met with another form of methaemo- 
and sulphaemoglobinaemia°), this time attended with marked haemo- 
Iysis and most likely caused by anaerobe bacteria. So we know 
already three forms of this eyanosis: the septie sulphaemoglobinaemia 
with haemolysis; the intraglobular methaemoglobinaemia; and the 
intraglobular sulphaemoglobinaemia. We now intend to record some 
new researches concerning the intraglobular sulphaemoglobinaemia. 

Our own observations together with those of various English physiei- 


') Stokvis, Festschr. f. Leyden, en Ned. Tijdschr. v. Geneesk. 1902, Il, 678. 
Tarma, Ned. Tijdschr. v. Geneesk., 1902, 11.721: 

?) Hısmans v. D. BERGH, Deutsch. Kraks f. klin. Mediz. 1905, LXXXIII, 86. 
Humans v. D. BERGH en GRUTTERINK, Berlin. klin. Woch. 1906, 1. 

°) Hısmans v. D. BERGH, Ned Tijdschr. v. Geneesk. 1918, I. 1774. 
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ans, notably the contributions of Woon Crarke and Hurtzer !) and of 
Mackenzıe Wars?) seem to indicate that as a rule this sulphaemo- 
globinaemia is presumably owing to a stasis in the large intestine. 
That we had indeed to do with the sulphuretted hydrogen-compound 
of haemoglobin was evident from the speetrum of the blood in these 
conditions, which is quite similar to that of sulphaemoglobin: 
besides the {wo familiar bands of the haemoglobin, a band is also 
discernible in the red near A 617. None of the other substances 
examined by us displayed such a spectrum. It appeared moreover 
that redueing substances, acting on the blood of these patients, did 
not take this band away, whereas the band of the methaemoglobin, 
which resembles most the sulphaemoglobin, disappears directly after 
the addition of ammonium sulphid or of Stokks’ reagent. Chemically 
however we could not demonstrate sulphuretted hydrogen in the 
bloodserum. This was all the more surprising because according to 
Erich Meyer’s investigations the chemical methods to demonstrate 
H,S are much more sensitive than the spectroscopie. This tallies 
with tbe faet that in cadaverice blood drawn twice 24 hours after 
death, sulphuretted hydrogen is chemically demonstrable in the 
serum, while spectroscopieally nothing might be seen of a sulphae- 
moglobin-absorption band. 

To my colleague Prof. Lamerıs I am especially indebted for the 
observation of a young patient, who was suffering from an entero- 
genous eyanosis due to snlphaemoglobinaemia, and who enabled us 
to ınspeet more narrowly the above-named problem. This boy suffers 
from the so-called HırscHsprung’s disease i.e. a marked dilatation 
of the colon, existing from birth, and in large measure obstructed 
defecation. The investigations, which I purpose to record here 
have for the major portion been conducted by Dr. EneRLKES. 
In co-operation with him I have tried to set at rest the above ques- 
tion. To begin with it appeared that the boy’s blood presented a 
marked sulfo-band. We could corfirm the phenomenon detected by 
West and Crarke?) that, in sulphaemoglobinaemia, on passing pure 
carbon monoxid in a solution of sulphaemoglobin, the band in the 
red is shifted 5 wavelengths to the right. In addition we could 
superadd a new reaction on sulphaemoglobin to the previous one. 
If namely a drop of a 1°/, sol. of potassium eyanid is added to a 
sol. of SHb, the sulfo-band will persist at room-temperature for a 
long time; the MHb-band disappears directly. Addition of a very 


1) Woop CLARKE and HuRTLEY, Journ. Physiol. 1907, XXX VI, 62. 
2) MACKENZIE WAaLLıs, the Quarterly Journal of Medieine, 1913, VIl, 73. 


3) West and Woop CLARKE, Lancet, 1907, I, 272. en 
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large quantity of a concentrated potassium-eyanid solution also makes 
the sulfo-band disappear, but then only after some minutes. Iftoan 
SHb-solution an equal volume of a 1°), solution of CNK is added, 
at a temperature of 37° the S-band disappears only after three hours. 

By passing a current of CO, through a little serum from the boy 
and collecting this in a solution of lead-acetate or even in the sen- 
sitive reagent of Caro-Fischkr we again failed to demonstrate sul- 
phuretted hydrogen in the serum. 

This induced us to discontinue the chemical tests with sulphuretted 
hydrogen in the serum, and iry another method. With due caution 
to ensure sterility we allowed serum to act at 37° on a normal 
haemoglobin solution. It then appeared that in the majority of the 
tests a little sulphaemoglobin had been formed from the normal 
haemoglobin after a sojourn of 2 X 24 hours in the incubator. 
Now the idea suggested itself whether the serum might contain 
baeteria to which the formation of sulphaemoglobin could be ascribed. 
This idea had already occurred to Gisson ‘) regarding methaemoglo- 
binaemia and, indeed, this author achieved a positive result. Later 
experimenters, however, could not confirm it. A bacteriological 
examination of our patient’s blood, carried out by Mr. Schar also 
showed it to be sterile. 

We now allowed very small quanta of hydrogen sulphid -to act 
upon normal haemoglobin-solutions, this yielded the sulphoband in 
the ineubator at 37° only after a good deal of time (24 hours), the 
same result as had generally been obtained in the action of serum 
from our patient on normal haemoglobin-solution. We were justified 
in coneluding from this fact, that small amounts of sulphuretted 
hydrogen must be contained in the serum. Supposing that by passing 
a current of carbon dioxid, too much of the small amounts of hydrogen 
sulphid would get lost to recover the rest, we resolved to react 
directly on the serum. Lead-salts did not answer our purpose as 
they precipitate protein, which tampered with our result. Various 
technical eircumstances prevented us for the time from applying the 
most sensitive reagent of Caro-Fischer. We then had recourse t0 
the reagent of Krar, consisting of a weak nitro-prussid-sodium 
solution in a soda-alkaline or ammoniacal environment. When 
adding such a solution to a solution containing a trace of hydrogen 
sulphid, a beautiful red, violet-tinged coloration comes forth. This 
reaction is believed to be less sensitive than the two others, never- 
theless we obtained pronounced results, when we applied it as a 


!) Gıßson and Dov@Las, Lancet, 1906, II. 72. 
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ring-test on the patient’s serum. In that case the reaction was always 
positive, so that in this way the presence of hydrogen sulphid in 
the serum was established chemically. To make assurance double 
sure possible sources of error had to be precluded. For acetone and 
kreatinin also give a coloration with nitroprussid in ammoniacal 
solution. We detected, however, that, as regards acetone, this reaction 
turns out negative for a multiple of the largest possible quantities 
oceurring in the bloodserum. A negative result was likewise obtained 
for two patients with pronounced acetonuria (diabetes). Similarly 
kreatinin yields with this reagent a positive result only in a multiple 
concentration of the largest possible quantities oceurring in the serum. 
Moreover the colour of the kreatinin-ring differs widely from that 
of the hydrogen sulphid ring. Finally we have examined in the 
same way the serum of a certain number of normal persons. The 
result was negative. 

In order to get more certainty tbat it was sulphaemoglobin we 
had detected, we proceeded as follows. A little of the patient’s blood 
was collected in a physiological common-salt solution and washed 
out with it repeatedly, so that all the serum was removed. The 
spectrum of the red bloodceorpuscles appeared to have retained the 
sulpho-band, while the pipetted liquid did not yield a reaction with 
Krar’s reagent. 

We now added to a mixture of red bloodcorpuscles and physio- 
logical saltsolution a little of a 2°/, potassium eyanid solution (neu- 
tralizeed and in physiological NaCl solution to prevent haemolysis). 
The mixture was placed some time in the incubator. After some 
hours the HCN had expelled the H,S; the SHb-spectrum had made 
room for that of CyHb and in the supernatant fluid we obtained a 
positive reaction with nitroprussid '). 

[t would seem, then, that hereby the presence of H,S, be it only 
in small quantities, in the serum as well as in the blood-pigment 
of our patient, had been established. 

Earlier experiments of Craupe BERNARD have demonstrated that 
hydrogen sulphid injeeted intravenousiy into animals, is exhaled 
through the lungs. Although, comparatively speaking the quantities 
of H,S in the blood of our patient are not inconsiderable, we 
did not succeed in demonstrating in this simple manner H,S in 
the exhaled air. We did get a positive result, however, when the 
boy had been breathing for = one hour in a specially contrived 


ı) When prosecuting our investigation we found this phenomenon to be of a 
more complex nature than can be anticipated from the description given in this 


paper. 
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apparatus. Of course we endeavoured to PU by Eee 
experiments with normal subjeets and by taking due an : 3 

It proved possible to determine the amount of Hb wbich is i 
verted to SHb. This determination is based on the now generally 
received eonception that haemoglobin is a well-defined substance 
that contains to each molecule one atom of iron. 

In a closed vessel supplied with pure oxygen, haemoglobin take 
up a constant amount of oxygen. The amount of iron in & given 
quantity of haemoglobin and its loosely combined oxygen in an 
environment of pure oxygen is constant: 2 atoms of O to 1 atom 
of Fe, which is expressed in volumina: 401 ce of oxygen to one 
gram of iron. The derivatives of the red blood-pigment, the methhb., 
the sulphhb., the eyanhb., the haematin are assumed not to take up 
any oxygen from a gas-mixture. If, therefore, blood (hat contains 
besides oxyhb., also SHb is brought into contact with an atmos- 
phere of pure oxygen and the amount of loosely combined oxygen 
and of iron is determined, the amount of the converted Hb may 
be caleulated from the difference between the known ratio of Fe:O 
and of a pure OHb solution under the same conditions (401: 1). 

Now, Barcrorr’s method affords a rather simple way to perform 
an accurate gas-analysis of the blood, while the titanium method is 
quite adapted for the iron-determination in this liquid. Dr. ENGELKES 
used them in investigating the blood of our patient. It became evident 
that the quantity of converted, Hb varied at different times, as had 
already been made out spectroscopically. 

Once we found a quantity of converted Hb of 19°/,, another 
time of 12.5 °/.. 

In these inquiries the clinician meets with an impediment in that, 
as a matter of course, he can work only witlı minimal quantities 
and cannot often repeat an experiment. The field of research is 
widened considerably when experimenting with animals. This 
proved possible. At the outset of our investigation when we 
had not yet succeeded in demonstrating chemically the presence 
of H,S in the serum, we have injeeted intravenously some 
of that serum into rabbits. To our great surprise we found already 
after an hour in the biood of one of these rabbits a rather large 
quantity of SHb. It was not necessary to look for the cause ofthis 
surprisingly rapid action of such small amounts of the serum upon 
rabbit’s blood, for on eloser inspection we were still more surprised 
at detecting in the blood of some perfectly healthy, fresh rabbits a 
physiological amount of SHb which was distinetly demonstrable by 
the speetroscope. We have subsequently examined about 26 rabbits. 
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In 4 of them we found comperatively much SHb., in 13 a 
small quantity and in 9 none at all. A quantitative determination 
by gas-analysis and a Fe-determination in a rabbit with marked 
S-band yielded the result: 


aorta-blood .... . 10.5 °/.. 
vena-porta blood 12.5 °/,. 


Now let us revert to the original question, why in the serum from 
our patienis (and the same will be the case with rabbits) so little 
H,S is found with a more or less marked S-band., whereas in cadarv- 
eric blood the opposite ratio reveals itself. In my opinion this should 
be interpreted as follows; the H,S that is taken up from the colon 
by the blood, is first distributed over corpuscles and serum. In the 
corpuseles it forms a solid compound, SHb, which does not dissociate, 
consequently it does not give off H,S in the lungs. It is most likely 
destroyed slowly and removed from the blood, presumably together 
with the remaining Hb-molecule. It is quite different with the H,S 
in the plasma, which is there combined with alkali in solution. 
Soon an equilibrium will be established between the gases dissolved 
in the serum and those of the alveolar air, and since the alveolar air 
is constantly refreshed by respiration and the atmospherical air does 
practically not contain H,S, the H,S dissolved in the plasma will escape 
from it. In serum or tissues part ofit will be destroyed by oxydation. 
Thus, in consequence of this process and of the respiration the serum 
will, with the exception of a few traces only, be liberated from H,S. In 
cadaverie blood more and more of H,S is taken up by the blood as 
putrefaction progresses. Here again H,S is distributed over corpuscles 
and serum. But respiration and oxydation are absent, the blood is 
locked up in the vessels, so the dissolved H,S is not withdrawn 
from the liquid. The quantities of H,S dissolved in the serum are 
large enough to be demonstrated by the sensitive chemical reaction. 
At the cadaveric temperature the quantity does not suffice to convert 
Hb into SHb within a given lapse of time. With progressing putre- 
faction and longer duration of the action the Shb-spectrum will 
reveal itself. 

In the course of our inquiry we saw three more patients, in 
whom we noted marked Shb-aemie, consequent on a slowed 
passage of the contents of the colon. The fact that sulphaemo- 
globinaemia proved to be of more frequent occurrence than we had 
originally supposed, and especially the other fact that this blood 
anomaly to a certain percentage, occurs in otherwise healthy rabbits, 
enhance the significance of the results recorded in this paper. 
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For it is really surprising that, with men in pathological and with 
animals even in physiological condition, a substance is taken up by 
the blood from the intestinal canal to the amount of 20°/,, which 
is poisonous for the central nervoussystem, and which, by combining 
with the respiratory pigment renders part of it worthless. 

The investigations described above do notyield conclusive evidence 
for the Shb-aemia in patients with slowed progress of the contents 
öf the colon. We have been impressed with the idea that in patients 
in whom there was an impediment in the advance of the intestinal 
content, cyanosis was evolved in a comparatively sbort time — 
almost rather abruptly. It still, looks as if another hitherto 
unknown factor besides the resorption of H,S from the gut, 
is instrumental to the origin of Shb-aemia. Whether this factor be 
the presence of reducing substances, ag MAckEnZIE-WarLıs concludes 
from his interesting inquiry, will have to be made out by further 
experiments. We were not so fortunate as to demonstrate such 
redueing substances in the serum. Likewise the question whether 
SHb-aemia occurs perhaps more frequently than spectrosopice exami- 
nation could make out up to the present day, must be left for 
subsequent investigation. In our judgment this speetroscopie result 
cannot be achieved before about 10 °/, of OHb have been converted 
to SHb. 


Mathematics. — “Bestimmung der Klassenzahl aller Unterkörper 
des Kreiskörpers der m-ten Einheitswurzeln.’ (Verbesserung.) 
By N. G. W.H. Beeser. (Communicated by Prof. W. Kartkyn.) 


(Communicated at the meeting of November 26, 1921). 


Anstatt von 4. $ 4 meines Beitrages in diesen “Proceedings” 
(Vol. XXIL, S. 331 und 395) lese man Folgendes: 

4. Der Grad der gemeinschaftliche Untergruppe, von g und der 
‚Zerlegungsgruppe von /,, ist gleich d,d', wenn d, der gröszte ge- 
meinschaftliche Teiler aller Zahlen d,„ bedeutet und d', der gröszte 
gemeinschaftliche Teiler von f, mit den Summen: 


100 dm + 2 (Fu) dun + o (7% ent: :e, 9%, 


wo n nur die Werte durchlauft für welche d,, =0 ist. Die Expo- 
nenien ai sind bestimmt durch die Congruenz 


„+n me, "A “4%... (modm) 
2 
während die Zahl im linken Gliede iri Satz 5 definirt ist. 

Beweis: Die Substitutionen der Zerlegungsgruppe entstehen durch 
Multiplizieren der Trägheitsgruppe (Satz 4) mit der zyklischen Gruppe 
aus Satz 5. Aus Satz 4 ergibt sich dasz die Substitutionen der 
Trägheitsgruppe gebildet werden von den Resten der Potenzen A,Y 
(mod m) worin y gewisze Zahlenwerte hat; die Substitutionen der 
Zerlegungsgruppe werden gebildet von den /, ersten Potenzen der 
linken Gliedes obenstehender Congruenz. Die Substitution der Zerle- 
gungsgruppe 

A Ar A? All. 8: (modim) 
wird also dann und nur dann eine Substitution der Gruppe g sein, 
wenn für jedes System der 5b die Congruenz 


Koma + 20 (2 .)e. udn + 0 (Ci rin + o (25 ;)“ abn-+.... 
1 
— 0 (mod 9). 


gilt. Wir müszen also die Anzahl der Zahlensysteme x, y bestimmen, 


welche diesen Congruenzen genüge leisten. 
Es folgt aus der Definition der Zahl /, und der Exponenten a;: 


Fu = 0 (mod 2); Fı % = 0 (mod 4 p,); 0 (mod Y,);:- 
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Die Summen 


m m 
u (4 pa bon I 24 (&) 4, ba + p (; =) a2 ben so ) 


4 


worin n alle Zahlenwerte hat für welchen di, —0 ist, sind daher 


P; : 
teilbar durch 9, und da e, = ist, werden die Summen 
Pı 


m 
Iopaobon + (2). + 7% 1) ar in + ; 


durch e, 9, teilbar sein. 
Die Congruenzen nehmen daher die folgende Form an: 


N basach ut (2 .)e Dan + ;) bant -- 
2p, a + fıybın=0 (mod f,p,). (1) 


& Fı 

Es ist 0<a<{? und O<Xy<P9ı und es ist erlaubt die ganze 
Zahlen welche durch die gebrochene Form dargestellt werden, durch 
ihre Reste (mod f,) zu ersetzen. Der Modul der Congruenzen (1) ist 
das Product der Anzahlen der Wertevorräte /, für x und g, für 
y; die Coefficienten der Unbekannten x und y, in diesen Congruenzen, 
bilden eine Gruppe im additieven Sinne. Die Congruenzen sind daher 
derselben Art wie (3) Seite 337 aber jetzt mit nur zwei Unbekann- 
ten. Nach der Bemerkung am Ende des $ 3 ist die Anzahl der 
Lösungen (x, y) also gleich das Quotient der Zahl f,p, und der 
Zahl der Coeffiecientensysteme. Wir haben nun diese letzte Zahl zu 


bestimmen. Die Anzahl der verschiedenen Werte von 5}, ist z 
2 


Zu den Zahlen d5.=0 gehören a verschiedenen Werte der Bruch- 


form von (1) Der Wert 5. —=0 musz daher gleichviel Mal vorkom- 


men und darum werden die übrige ; — 1 andere Werte der 5, 
1 
auch soviel Mal auftreten. Es gibt also 7 ik , Coefficientensysteme. 
Die Anzahl der Lösungen von (1) ist aba 
Pf. 
Ji P, E d, 


Weiter füge man Folgendes an dem: Beweise des Satzes 10 auf 
Seite 396 zu, und lasse die letzten 1% Zeilen dieser Seite fort. 
Auszerdem genügen die gesuchten Stellen der 5 noch den Con- 
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gruenzen, welche man bekommt wenn man in (8) die Systeme der 
a durch ihre Vielfache ersetzt. Man wird aber dann auch Systeme 


der a bekommen, die schon unter die Vorigen vorkommen. Der 
kleinste Wert von x für welchen 


m (7) 
(zn n)ea It ie, en BRTE Ai) Ar)e agben+.. =o( mod 2\ 


1 


ist, ist = Nimmt man also für x die Zahlen 0, 1, 2,. De 1 
1 
so sind die Systeme xq,, Zay, Kly...:..- alle von den vorigen ver- 


schieden, weil diese letzten eben diejenige sind welche den Con- 
gruenzen 


Lpaobon + 23 ;)@ nt a ee) 


genügen wenn n nur die Zahlenwerte hat für welche d, —= 0 ist. 
Die Totalanzahl der Systeme der a die man in (8) berücksichtigen 
musz, ist also 


Su, 
dad, da, 
und daher die Anzahl der gesuchten Systeme der d: 
Da fe A; ed, 2) 
p, dd, r 


Weiter folge man den Beweis auf Seite 397 dritte Be, 


Physics. — “The Propagation of Light in Moving, Transparent, 
Solid Substances”. III. Measurements on the Fizeau-Ejfect 
in Flint Glass: By Prof. P. Zeeman, W. DE GrooT, Miss 
A. Snerunass and G. ©. DiBBETz. 


(Communicated at the meeting of April 23, 1920.) 


More accurate than the results obtained with quartz, an account 
of which was given in communication Il '); are those of tlıe Fizeau- 
effect in moving flint glass. 

Six eylindrie rods of a length of 20 cm. and a circular cross- 
section of a diameter of 25 mm. were made for us by the firm 
Zeıss at Jena. The kind of glass is the ordinary silicate flint glass 
of the type 0.103 of the firm Schott und Genossen. The endplanes 
are plane-parallel in close approximation. The clearness of the inter- 
ference fringes appeared to be excellent with stationary glass column, 
while, when the necessary precautions were taken, also when the 
column was in rapid motion, the fringes remained still very good. 
The photos taken were much better than those that had been obtained 
before (ID) with quartz. This is partly owing to the excellent 
material’), to the greater cross-sections of the rods (now 25 mm. 
as against 15 mm. before for quartz), and to the smaller number 
of internal reflections’). It appeared finally possible to observe also 
the Fizeau-effect for moving flint glass directly in a telescope, as 
clearly as it is possible for moving water, and we had the privilege 
to demonstrate the effect before several physicists. 

The perfect sureness with which the rather complicated apparatus 
worked at last, was not obtained until some improvements had been 
made in the arrangement as it had been used for quartz. We will 
discuss the prineipal of them. 


2. Through different causes the interference fringes can take an 
oblique position during the movement of the column of glass cylin- 
ders. It is, however, necessary that the fringes remain parallel to 


!) These Proc. Vol. XXII, N. 6, p. 512. 
?2) Compare II, 2. 
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the horizontal or vertical eross-lines. Else no photos are obtained 
on which measurements can be made. 

Already in the experiments with quartz a compensator was inserted 
in one of the interfering beams of light, consisting of a plane-parallel 
circular glass plate of a thickness of 5 mm. and a diameter of 25 
mm., to which every desired position could be given. The inelina- 
tion of the interference fringes can be modified by rotation round 
a horizontal axis; a simple arrangement was, therefore, applied 
through which the observer, sitting at the eye-piece of the telescope, 
could bring about the desired rotation. Besides a plane-parallel plate 
was placed before the object glass of the telescope in such a way 
that an image of the interference fringes could be observed in a 
small telescope placed on one side, while at the same time after 
removal of the eye-glass a. photo of the fringes was made with the 
large telescope. Thus the observer at the small telescope could at 
once observe an error in the position of the fringes, and if neces- 
sary, redress it during the photographing. This proved to be but 
rarely necessary when an experiment had been properly prepared. 


3. As was set forth before (I, 4), it was necessary to superpose 
20 to 30 photographs of the interference fringes, each with an 
exposure of a hundredth second, because otherwise the photographie 
image was too faint. This number could be greatly reduced by 
working without filters, hence directly with the white arc-light. 

Diminution of the number of exposures increases ihe sharpness 
of the photos, and renders it possible to take more in succession, 
before the disturbances through fluctuations of the temperature in 
the glass-rods, which inevitably occur in consequence of the move- 
ment of the apparatus, become troublesome. 

For the interpretation of the photo obtained it is then necessary 
to know what is the effective wave-length 7 of the white arc-light, 
witb which the fringes have been photographed. 

The accuracy in the determination of A need not be very great, 
as will appear presently (see 5). 


4. Determination of the efjective wave-length of the light used. 

The effective wave-length of the operative light, had to be 
measured after it had left the last mirror of the interferometer, and 
of course for that kind of plates that was used in the experiments. 

The beam from the interferometer was focussed with a cylinder 
lens on the slit of the collimator of a Hıragrr spectroscope with 
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constant deviation, from which the prism had been removed, and 
replaced by a small totally reflecting prism. 

By plaeing a grating replica before the object glass of the photo- 
graphic camera, a spectrum of the source of light could be 
photographed. 

The most active part in this speetrum could be made directly 
visible by putting a wedge of smoked glass with the side horizontal 
before the slit of the collimator (Kenneth Mers method). 

The prismatie action of the wedge was counteracted by a second 
wedge of clear glass. 

The result for the effective wave-length A was 4750 A°, with an 
uncertainty of + 25 A°. 


5. This accuracy is, however, sufficient. This can be verified by 
numerical calculation, or by the following consideration. 
We know (II, 9) that the optical effeet is given by the Rn 


4 lv du 
a — eg u 1 I Eh 
ke ( d2 = 


en : 1 dA 
By deriving from this the value of re we can see how great 


the influence is of an error in the determination of ihe effective 
wave-length on the calculated effect. 
Instead of 2 we introduce the frequency », which brings about a 


slight simplieation, and we pt y=u—1-+» - . Then: 


ldA 1 dp.v 1 
Ad @.v d raid eu (2) 


Now: 
dp du d’u 
——9T, 
dv dv dv?’ 
for which we may write in approximation : 
Pu 
dv dv’ 
because u depends almost linearly on ». 
Equation (2) then becomes: 


Na. 
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u 
a becomes about # for the ordinary flint glass, so that: 


1lda 1 5 
De 
Bor meh Me = ga 
or A=5000 AP, d= 25 A? becomes N 


6. Kibbon-shutter. The shbutter which acts periodically and is 
worked electromagnetically, described in 1, 4, repeatedly gave cause 
for disappointment, because it was never certain that the ligbt was 
transmitted at the very moment that the cradle passes a chosen 
point of the path. 

This is perfectly certain with the ribbon-shutter, which is dia- 
grammatically represented in fig. 1. 


Fig. 1. 


A band of ribbon Z of lancaster linen is elasped between two 
blocks B, which are firmly fastened at a chosen place of the bed 
of the apparatus. It is passed round the beam with the glass column. 
The beam can execute its usual movement to and fro without being 
hindered by the ribbon, for this can easily slide over the copper 
pieces X, the length of the ribbon remaining constant. There have 
been made two openings in the ribbon of 10 or 15 cm., which at 
a certain position of the beam, but only then, allow the light to 
pass through circular holes in the pieces X, and during the time 
that corresponds with the length of the openings in the ribbon. By 
displacing BB along the bed, the moment at which the light is trans- 
mitted, may be chosen. The edges of the ribbon are provided with 
a hem to obtain greater firmness, and prevent fraying. 

The copper pieces Ä are smoothly polished, and the frietion of 
the ribbon is therefore very slight. Sometimes it was still diminished 
by some talc-powder. 

The electric shutter, which was used in the experiments described 
in II, was now used after a small modification to admit the light 
only in one of the movements to and fro of the beam. For this 
purpose the movable arm is placed before the arc-lamp. The phase 
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is adjusted so that the arm turns when the beam has just passed 
the middle of its course. 


7. Improvement of the Velocity Measurement. In the experiments 
with quartz rods the velocity was measured direetly according to a 
method which has been deseribed in II, $ 11. We have made this 
method simpler and more delicate, and also arranged it so that the 
velocity could be immediately read in every experiment. 

In main lines the arrangement is still the same as represented 
in I $ 11. The screen with two slits S, and S, used formerly was 
however, replaced by a screen ‚S (ef. figure of the preceding $), the 
construction of which will be further explained by referring to figure 2. 


Fig. 2. 


Our earlier slit S, is replaced by a glass scale, slit S, by a small 
aperture. 

The graduated glass scale was obtained by covering a glass plate 
with a soot-layer, and by drawing by the aid of a chisel of the 
width of exactly 1 mm., five lines in the soot-layer at mutual 
distances of exactly 1 mm. 

Then the soot-layer was fixed with a drop of varnish, and the 
first line was covered with red glass, the others with blue glass. 
All this was cemented on the beam. In fig. 2 the alternate long 
and short lines are indicated under S; the colours render errors of 
front and back in the observation through lenses impossible. In the 
figure the lines are partially dotted, as they are half covered by a 
sereen, which can slide to and fro. During the movement of the 
beam in one sense the lower, during the movement in opposite 
sense the upper half of ıhe scale is automatically covered through 
the inertia of the screen. The blocks B, and B, define the extreme 
positions of the screen. | 

As we said, our former slit S, has been replaced by the scale 
with the coloured lines; instead of the slit S, there are two fine 
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apertures P,; and P, on either side of a hörizontal line through the 
middle of the scale. In the position drawn in the figure the light 
can leave through 7,, because the opening O, in the moving screen 
allows this. When the screen rests against B,, P, is covered, and 
O; comes in the position, in which it is posBible that light is emitted 
through ?.. 

As was explained in II $ 11 an image of the slit arrangement is 
projected on the rotating: dise ‚/,;wlich is provided with radial slits. 
Witb a weakly magnifying telescope the image projected on the 
rotating dise is observed with intervals of 0,001 sec.: In this time 
the beam moves about.:1 cm. at the,veloeity used in the neigh- 
bourhood of 10 M/sec. The observer sees the coloured scale ‚S in the 
field of vision, and then the “star” P,, or rather the after-image of 
the light emitted by this star at a former transmission. The place 
of the star on the scale can be read accurately down to } mm., 
and the distance from P, to S being about 50 mm., the veloeity 
can be determined certainly accurately down to 1°/,. Allthechanges 
in tbe velocity of the beam are immediately visible, and the velocity 
corresponding to every photo taken can: at once be noted down. 

It is necessary that ‘the, “star” moves. at the same level at which 
the axis of the rotating disc has been placed, for else a small cor- 
rection must still be applied to the velocity. | 

Thanks are due to Mr. W. M..Kox,  assistant at 'the Physical 
Laboratory, for his valuable help in the execution.of the arrange- 
meni for the veloeity, measurement. | 

8. Results. The extreme values of the velocity which were directly 
measured in our experiments, were 918 and 994 cm/sec. 

There were made two series of measurements, which were dis- 
tinguished by: the way in which the velocity was found. In the 
first series, A, the method of communication II, in the second, DB, 
that deseribed above in $ 7, was followed. All the results for the 
effect were reduced to a velocity of 1000 em./sec. 

Series A. 

When the measurements of the 34 separate photos obtained on 
11 plates are combined, the effect is found to be 0,247 + 0,006. 

When first the observations on each plate are combined, and the 
mean is taken vfthe results of 11 plates, the effect is found to be 
0,247 £ 0,009. | 

Series B. ! 

gives for the effect derived from 49 observations divided over 
13 plates 0,238 # 0,006, for the effect derived from the mean of 
the’ results ‘of. the 13 plates 0,240 + 0,008. | 

91 
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Finally all the 83 observations may be combined; then 0,242 
+ 0,004 is found. 

When a result is caleulated for each of the 24 plates separately, 
and then the mean is taken, the effect is found to be 0,243 + 0,006. 

T'he number after the + sign indicates the mean error, and as 
was stated before all the results have been reduced to the veloeity 
1000 em./sec. 

Theoretical value of the ejfect for flint-glass. 

The firm Schott und Genossen, Jena, gives the following indices 
of refraction for the flint-glass 0.103 used : 


ua’ = 1.6099 HE TIER 
re a 6563 
up = 1.6202 5893 
ur = 1.6324 4862 
ug = 6428 4341 


The effect can be calceulated according to the formula derived 


before (Il, 9) 
4 lw du 
—— —1—/— | 
er hc (m = 


d 
By the aid of the given data, values for u and n are derived 


for the effective wave-length 4750. The final result is: 


4.120.1000 
A= —— (1, 634—1 + 0,084) — 0,242, 
4750 X 10-8 x 3.1010 . 

This value is almost in perfect agreement with the value 
yielded by our experiments. 

It is of interest to note that the dispersion term contributes to 
the value of the effect — 0,242 by an amount of 0,028. 

If the dispersion had not been taken into account, 0,214 would 
have been found for the effect, which is incompatible with the 
experiments. 


APPENDIX. 


1. The publication of the above communication, which was already 
laid before the meeting of the Academy of April 23:4 1920, has 
been delayed through particular eireumstances. 

This affords me an opportunity to add a few remarks to the paper. 

Our collaborator, Mr. W. pe Groor, phil. docts. orally informed 
me of another derivation of the formula for the optical effect (II, 9) 


’ 
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and independent of this at about the same time Prof. F. Zernıkn 
at Groningen did the same in a letter dated November 11: 1919. 
The short, elementary derivation, which in the two communications 
is founded on the same idea, will follow here. 

In prineiple the experiment with the moving glass rod can be 
classed under the following scheme (fig. 3). From the source of 


L ie ab 5 


Fig. 3. 


light Z issue two beams of light, one through the glass ab, the other. 
through the air. With the aid of the necessary devices the phases 
1 and 2 are compared in two cases, first when the glass ab is at 
rest, secondly when it moves e.g. to the left with the velocity w. 
According to the principle of relativity the glass may as well beat 
rest, and the room with the other parts may be made to move to 
the right with the velocity w. Whether 1 and 2 are received with 
a moving or a stationary apparatus, makes no difference in the 
relative phase of the beams of light. Therefore only Z is made to 
move to the right with the relative velocity w, and approaches the 
glass rod. This only gives a DorpLer effect equal for the two beams, 


Ber; w 
in which the wave-length varies from ) to RER When every- 


—1 
thing is at rest, the phase-difference between 1 and 2 is 2 k 


when / is the length of the glass rod ab. 
Hence the change due to the movement is: 


(u—1) 1! I du —( 


53 di. + FwrT ee) Er 

To get the total effect the formula should be multiplied by 4 — 
i.e. a factor 2 for ihe movement to and fro of the rays, and a 
factor 2 on account of the reversal of the direction of the move- 
ment — so that the formula given before, appears. 

Also Fızeav’s experiment with the moving water and stationary 
glass end-plates may be treated by tlıe method sketched above, but 
then the caleulation is not so simple. | 

Mr. Z&RNıKE still points out that an actual experiment might be 
taken with the two beams of light running in opposite directions 
and stationary glass rod, as is supposed in the Eee would 


1410 


then only be required in the experiment described: before to make 
the glass prism slide to and fro, and keep the glass rod at rest. 
For different optical and mechanical reasons the execution seems to 
me attended with greater diffieulties than the experiment made. 


9. In a letter of October 22”4 1919 Prof. M. von Lauer had the 
kindness to draw my attention to a thesis for the doctorate of 
P. Harruss of 1912'), which he sent me, and in which a subject 
is treated closely related to our investigations. In Harkzss’s experiment 
the light runs to the right and to the left in a cycle of glass prisms, 
which as a whole is in rotatory motion. 

The comparison of the observed displacement of the interference- 
fringes and the theory elaborated by Harrzss gave a very unsatis- 
factory agreement. This is chiefly owing to the theory, in which 
the absolute and the relative velocity of the light are mixed up. 
Von Laux .has redressed this error, ‘which greatly improves the 
agreement between theory and observation. HARRESs’s experiment 
closely ‚resembles Sasnac’s experiment of 1913, of wbich, very 
remarkably, von Laus gave the relativistic theory already in 1911). 

In Saanac’s and Harrkss’s experiments the displacement A of the 
"interference fringes expressed as fraction of their distances is: 


2 
A 2er 
ca 


in which Z is the length of the path passed over in the rotating 
apparatus, » the distance of this to the axis of rotation, & the angular 
velocity, the sum extended. to all the different paths. 

Index of refraction and dispersion do not occur in this formula, 
which in itself is already a difference with our experiments. 

It seems unnecessary to enter into-a fuller discussion of Harrkss’s 
work, as in an interesting paper by von Laur’) the experiments by 
Fızeau, SaGNac, Harress, and those made by us.are discussed and 
compared, and as with exclusion of the influence of the dispersion 
the two last-mentioned experiments have also already been treated 
in the fourth edition of von Lauw’s Relativitätstheorie ‘). 


3. I pointed out on an earlier occasion that it might be interesting 


STATE ENG 
to examine substances in which “ is great. 


!) Re-edited in O. Knopr, Ann. d. Phys. 62, 389, 1920. 

2) Münchener Sitz. Ber. 1911, 404. 
3) Von Lau, Ann. d. Phys. 62, 448, 1920. | 
10, pP. 23, 26,.186—-189. 
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In particular substances with strong absorption-bands or lines 
deserve attention, such as didymium compounds, which can be 
obtained as solid solutions in glass, and the vapour of sodium. 

When these substances are chosen to work with, horizontal 
interference lines: must .be thrown on the slit of the spectroscope. 
Horizontal lines are observed in the’ telescope, which diminish in 
distance from red to violet. Through the Fizsav-effect the lines 
would move up and down in case of rapid motion to and fro of 
selectively absorbing. substances, and at those places in the spectrum 


d 
where : assumes large values the amplitude of the movement might 


become ‚considerable. ER i 
From preliminary experiments on the dispersion of didymium glass 
at the ordinary temperature and at that of liquid air it appeared 


that the value of 7, assumes nowhere great values in the visible 


spectrum. Though rods of didymium glass of excellent quality are 
to be had, I am ‚yet of opinion 'that it would not be worth the 
trouble to make experiments with them on the Fızzav-effect. 

Nor can results on the FizsaAv-effect be expected with sodium 


d 
vapour. Close to the absorption D-lines 2 can, indeed, become very 


great, but at the most interesting place near the D-lines the absorption 
too becomes very great. On continuation of the experiments it might 
perhaps have deserved recommendation to work with a stationary 
tube with sodium vapour and moving-prism (see $1 of this appendix). 
It appeared however, clearly enough from some experiments that 
the observation of the Fizrav-effect with sodium vapour was out of 
the question. 

Though these experiments did not yield the result for which they 
were undertaken, they gave occasion to the observation of an 
interesting interference phenomenon in sodium vapour, about which 


a separate communication will shortly follow '). 
une 


ı) This communication has been published already. These Proceedings Vol. 24, 
p. 206, 1922. 


Physics. — “Motion relativated by means of a hypothesis of A. Förpı”. 
By H. Zanstra. (Communicated by Prof. P. EHRENFEST). 


(Communicated at the meeting of March 26, 1921). 


$ 1. The fixation of “inertial systems’ in classical mechanics without 
applying the principle of absolute motion. 


It is well known that in the equations of motion of classical 
mechanies for a system of n material points: 


max, m,y,— Y, Tr Zu rer 
a ER n.) 
the position of those points is referred to a rectangular system of 
co-ordinates being at rest or moving uniformly in absolute space. 
But when we refer this position to another system of axes that 
does not move uniformly or rotates with respect to the above 
mentioned systems, the differential equation of motion assumes a 
more complicated form. E.g. if ıhe system of axes has an absolute 
rotation, it is well known that we get on the left side of equation 
(1) terms of the type of centrifugal and Goriolis forces. 

Those systems of co-ordinates in which the equation of motion 
assumes the simplest form (1), the so-called “inertial systems’’ '), 
are consequently defined by means of the idea of absolute space. 
This idea, introduced by Newron, was at first retained in the later 
elaboration of Nzwron’s mechanics. NewTon’s contemporary BERKELEY 
however already gave a critieism of this prineiple of absolute motion 
(motion in “absolute space”). The purport of his demonstration is 
that motion of bodies must be referred to other bodies and not to 
an absolute space °). 

In more recent times (+ 1870) this question was taken up again, 
especially by ©. Neumann, Lange and Mac# ®). While Nrumann still 


) The idea of “inertial systems” was introduced by LAnGe he calls them 
“Inertialsysteme”. $ 

?) G. BERKELEY. The Principles of Human Knowledge, section 111. e.v. 

®») E.MacnH. Die Mechanik in ihrer Entwickelung. As for LAnGE and NEUMANN 
see 8 5. Literature is mentioned in the Enzyklopedie der Math. Wiss. VI 1, 
p. 30. See moreover H. SEELIGER. Ueber die sogenannte absolute Bewegung. 
Sitzungsber. der Math. Phys. Klasse der Bayr. Ac. der Wiss. 1906. Bd. 36, p. 85. 
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supported the idea of absolute motion, later eritieism led to the 
general conviction that motion is relative. The latter being assumed, 
we have the following two problems: 

1. How can inertial systems be fixed without the aid of an 
“absolute space’. 

2. Which are, according to this, the equations of motion of 
mechanics, if we require that absolute co-ordinates do no more 
occur in them, but exclusively relative co-ordinates (that fix the 
place of the material points with respect to each other) and their 
derivatives. 

FörrL gave a solution of the first problem, which shall be treated 
in the next $ '). In connection with this we shall give in$4a 
solution of the second problem. Here already can be remarked that 
this solution is quite different from the one given by the theory of 
Einstein, in $ 5 we return to this. 


2. The hypothesis of A. FörpL’), by which special inertial 
systems are fined. 


From here we will deal with’ motion in plane instead of space, 
for the sake of simplieity ’). 

With FörpL we assume that the total matter in space consists of 
a finite number n of material points. For the co-ordinates x’, y’ in 
an inertial system we then have the equations: 


mo, — X, my,—Y, ee) 
(KRZR Re)! 


We suppose. further that for the quantities on the right side 
(components of force) the law of reciprocal action holds: 


OEEN III SATT) 
Dane N) 20... ui lad) 
The sign > includes all n points. This is the case e.g. if the points 


apply forces upon each other in the direction of the lines that 


join them. 
From (2), (3a) and (35) follows: 


}) Some short critical remarks on this and some other solutions shall be 
given in 8 5. i 
» A. FörrL. Vorlesungen über technische Mechanik. VI. Erster Abschnitt. 


Die relative Bewegung. 
3) For space we have a quite analogic reasoning. Then the use of vectors 


can be recommended, 
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Ema—0 Emy—0 SEI De ee (4a) 


Emk@y—ya)=0. er allud il er 


and after integration: 
Ema— 7; Emy=T, RR Anne) 


Em(y—ya)—R, fie Pr ee 
the'3 constants. 7, T, and R still being quite arbitrary. In analogie 
way we get in space 6 constants 7’, 7, 7,, R,, R,, R,. Itisalways 
possible to choose an inertial system in this way that 3 of.these 6 
quantities vanish, more of them ..cannot vanish without a special 
hypothesis. 

The hypothesis of Förrn is: 

There are inertial systems, for which. all siw.constants T,, T,, T,, 
R,, R,, R, vanısh together. 

Consequently for the plane: 


TEIATTEUTRTEDI TI BER FENG 
or also, after (da) and (55): 


EZmd—=0 Emy=0....... (lo) 


EZm@yY—-ya)=0.....22.. (0%) 

To these special inertial systems belong also those for which 
moreover Zmae’—=0 and- Zmy’=0, the origin thus coineiding 
permänently with the centre of gravity . of the system of points, 
such a system is called ‘by Förpı a principal system of IE PREDIE 
(Hauptbezugssystem) ’). 

Such a prineipal system As Yz can be constructed as follows: 
‚Take a system of axes X, Y, of which the origin coineides perma- 
nently with the centre of gravity of the system of points, the axis 
of X paässing permanently through one of the material points. 
Calenlate & mr’9 in X, Y,. Take a second system of co-ordinates 
Xa Y; with its origin also permanently in the centre of gravity 

Ir 
and give it in X, Y. a velocity of rotation en, In this 


way a principal system, consequently an inertial system, has been 
fixed without the aid of an “absolute space”. 


') The hypothesis of FörPL in its original form is: for an inertial system 


with origin in the centre of gravity the total moment of momentum vanishes 
permanently. 
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3. Motion relativated without the aid of the hypothesis of Fören. 


First we, will give a solution of the second problem of. $ 1, 
without applying the hypothesis.of FörpL. 

We assume. the same .as in $ 2, so we start from the differential 
equation (2), for which hold the relations (4a) and (4b), we assume 
moreover that the forces, of which X, and Y, are the components 
only depend on the relative position ofthe points (e.g. Newton force). 

Take now a new system of axes X Y with its origin permanently 
in an arbitrary! material. point, which we will call point 1, and 
with its axis ofi X permanently through a second arbitrary-point 2 
of the system of points. The new co-ordinates x and y are now 
relative co-ordinates as meant in $ 1. After transformation of the 
former co-ordinates to the new system of axes'), the equations of 
motion (2) pass, considering (4a) and (45), into: ; 


> . e Re m. 

vv — U —u u, — 2uy—=—— — 

my Mm, 
(8a) 

n r Eu. VERERT- 

yvytum—uy + 2wa= — — — 

m,. m, 

in which w is given by: 

a Uber Harn VB) 


a, b and ce are functions of the x, y, x, y and 2, Yyofthen points 
nme +) (> ma) - (Zimy)i 
b= EmZEm(ex 4 yy) — Emo Z ma — Emy & my, (8e) 
e= EmZm(ey — ya) — (Z mo Z my — E my Z ma), 


The sign = includes all n points. 

'There are 2n—3 co-ordinates «,,y, and according to this 2n—3 
equations (8a) of the second order, the auxiliary quantity w oceurs 
in. one equation (85) of the first order in w. So (8a) and (85) form 
together a system of order 2 (2n—3) +1 =4n—5. After elimination 
of w there remain 2n—3 eo-ordinates, so that e.g. the system can 
be reduced to 2n-—4 equations of the second and one of the third 
order: In these equations only the relative co-ordinates, their deri- 
vatives and the quantities X, Y, occur. As we supposed the com- 
ponents X,Y, dependent on the relative position of the material 
points only, the problem is solved. 


) See $ 58. 
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4. Motion relativated with the aid of the hypothesis of Förru. 


In this s we shall ‚give a much simpler solution of the second 
problem of $ 1 by making the same suppositions asin the preceding 
$, moreover making use of the hypothesis of FÖPPL. Instead of (4a) 
and (45) we take the equations (7a) and (75), but further we proceed 
in exactly the same way. 

After transformation to the new, relative co-ordinates '), the 
equations of motion (2) pass, considering (7a) and (75), into: 


.. . e p) . X; A, 
2, — uy, — wir, — 2 uy =— — —. 
RER . (9a) 
A mars Pie BB OR? 
| Yt wa, — w’y, +2 wa, = m, m 
in which 
EmZm(ay — ya) — (EZ mx Z my — EZ my Z ma) 
= — .. (9b) 


ImZSm(e’+y) — (EZ me)’ — (2 my)’ 
The sign & includes all n points. 

The equations (9a) are the desired equations of motion in relative 
co-ordinates, if for w we substitute the value (95). After this sub- 
stitution we get 2n—3 independent differential equations of the second 
order. 

Without introducing Förrı’s hypothesis we came in $ 3 to 2n—4 
equations of the second and one of the third order. Owing to the 
hypothesis of FörpLn we have found in this $ 2n—3 equations of 
the second order. For this reason the equations (9a) and (95), we 
found here, are preferable to the equations (8a), (85) and (8ec). 


5. Remarks. 


a. Lange’'s method of trial bodies ’) gives an experimental way of 
finding inertial systems. He does not discuss however their connection 
with the total of matter in space. 

b. Neumann’) and afterwards BoLTzMmanN ‘) try to do this by 
referring the place of the material points to the prineipal axes of 
inertia of the total system. They do not give differential equations. 
A further consideration of this question will bring the convietion, 


Bee 8 5,8%. 
) L. Lance. Geschichtliche Entwickelung des Bewegungsbegriffs. 
C. NEUMANN. Ueber die Prinzipien der Galilei-Newtonschen Mechanik. 


*) BOLTZMAnN. Vorlesungen über die Prinzipien der Mechanik. Leipzig 1904. 
II, p. 333. 


152 
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that the differential equations holding in such a system must be of 
a different form from Newron’s. On the other hand the system of 
Föpp1, does not require any alteration of Newron’s differential equations, 
but only a definite value of some integration constants ($ 2). 

c. The problems studied by KoLKMEIJER !) are in many respects 
more extensive. So he eliminates also absolute time. In this connection 
it is sufficient to state, that he does not find equations of the type 
of $ 4, because he does not make use of Förpr’s hypothesis. 

d. Eınstein gives in his theory of relativity a way ofrelativating, 
founded on quite different prineiples from those held in this essay. 
This is connected with the fact that he wants to relativate not only 
mechanical but also eleetromagnetical and optical phenomena. 

e. In connection with an experiment, made by FörrL’) and a 
remark by FreunpLica?), the following thought-experiment may be 
discussed: At the north-pole of the earth the pendulum-experiment 
of FoucauLt is made. Under the pendulum a heavy flywheel with 
vertical axis of rotation has been mounted. Problem: Does the 
pendulum’s motion alter, when we revolve the flywheel? Förpr’s 
hypothesis and our equations give us the following answers: With 
respect to the prineipal system remains: 1°. the rotation of the 
pendulum’s plane permanently —=0; 2°. the sum of moments of 
momentum of flywheel and earth —= a constant, also this sum for 
the rest of the bodies of the universe, because the total sum has to 
remain — 0. Consequently the rotation of the pendulum’s plane 
with respect to the rest of the bodies (the fixed stars) does not alter 
(it does alter with respect to the earth, the rotation of the latter 
having undergone some change). 

f: From the point of view of Nrwron’s mechanics can be said: 
1°. If only two celestial bodies were in universe, it were possible 
that they moved round each other at a constant distance. 2°. A 
liquid mass, supposed to be the only body in space, can be flattened 
by centrifugal forces, though no relative motion of its particles is 
observed. With the view taken here, which is based on Förpı.s 
hypothesis, this is impossible. 

g. For the transformations of $ 4 we can start from a principal 


» N. H. KoLkMEYER. Eliminatie van de begrippen assenstelsel, lengte en 
tiid uit de vergelijkingen voor de planetenbewegingen. Dissertation Amster- 
dam 1915. 

®», A. FörrL. Sitzungsber. der math.-phys. Klasse der Bayr. Ac. der Wiss. 
1904. Bd. 34, p. 3. 

3) Erwin FREUNDLICH. Die Grundlagen der Eınsteinschen Gravitations- 


theorie. Berlin 1916, p. 27. 
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system, the .origin .of which is consequently situated in the centre 
of ‚gravity ‚of Üthe system ‘of points, while the total moment of 
momentum eontinuously vanishes ($ 2). 


ıma,—ÄX, m,y,—Y, et, 
Suma! Na dmy el ai SE HERE (10a) 


ml 0. u aid 

First we pass to a second system of axes, with its origin perma- 

nently in point 1 of the system of points and which is continuously 
parallel to the prineipal system, for this second system holds: 


We N 
my, m 

| EmZm(ay— yo) (Ems Zmy—- EmyZm)=0. (12) 
..(105), becomes (12) because according to (10a) x’, Zm = — ma, 
yYızm = — I my: 

‚If we take a third system of axes with its origin also in point 1 
and its axis of X permanently through point 2, and indicate the 
velocity of rotation of the third system of axes with respect to the 
second by one w, the equations (11) and (12) pass after transform- 
ation into; the ‚final equations (9a) and (d). Now w can be con- 
sidered as an auxiliary quantity, that can be substituted from (9) 
into (9a). 

For the transformations of $ 3 the first system of axes can also 
be chosen with its origin in the centre of gravity of the system of 
points, the caleulations are quite analogous, however more complicated. 


Do „8 u Zum 


u) 


un en are re u 1 De ee fe u A Älter Se Bee 


Physics. — “Space-time symmetry. I. General Considerations”. By 
N. H. Kouxmeiser. Communication N*°. 7a from the Laboratory: 
of Physics and Physical Chemistry of the Veterinary College 
at Utrecht. (Communicated on behalf of Prof. W.H. Krxsom, 
Director of ‘the Laboratory, by Prof. H. KaMERrLINGH ONnNss). 


(Communicated at the meeting of December 18, 1920). 


$ 1. Introduetion. In the literature of later years some propositions 
are found for changes in the original atom-model of RUTHERFORD-BoHR. 
These propositions are founded on different considerations. So Lewis?) 
and Lanemuir ?) were led by considerations on the chemical structure. 
SOMMERFELD ’) was brought to his combinations of ellipses by investi- 
gations of the cause of the fact that the defect of charge of the 
nucleus is not a whole number for the Z-series. Born, LAnp£ and 
MADELUNG *) again studied the absolute dimensions of the elementary 
cells of crystals, the transformations of energy, and especially the 
compressibility. By these considerations they were led (partly in 
cooperation) to the invention and nearer inspection of cubical 
models analogous to those of Lewis and LaneMUVir. 

Evidentiy Born, Lane and Maperung especially felt the necessity 
of a change in the considerations on symmetry that were valid until 
now, because they considered moving systems. On the same ground 
1 felt necessitated to introduce some new symmetry-elements, in 
which time also plays a role’). It now seemed desirable to consider 
the space-time-symmetry more systematically than could be done in 
Communication N’. 4. In this paper the way to attack this problem 
will be indicated. ; 


$ 2. Restriction to a definite kind of operations. A symmetry 
operation will further on be denoted by A, a complex symmetry 


1) @. N. Lewis, Journ. of. the Amer. Chem. Soc. 38 (19i6) p. 762. 
2) I. Lanaxuır, Journ. of the Amer. Chem. Soc. 41 (1919) p. 868. _ 
3) A. SOMMERFELD, Physik. ZS. 19 (1918) p. 297. ; 
4) M. Born and A. Lano£, Verh. d. D. Phys. Ges. 20 (1918) p. 210. 
M. Born, Verh. d. D. Phys. Ges. 20 (1918) p. 230. 
A. Lanpt, Sitz.-Ber. d. Berl. Akad. 1919 p. 101. 
Verlı. d. D. Phys. Ges. 21 (1919) p. 2, 644, 653. 
ZS. f. Phys. 2 (1920) p. 83. 
E. Maperung and A. Lane, ZS. f..Phys. 2 (1920) p. 230. 
s) N. H. Koızweiser, Comm. N. 4, These Proceedings 23 (1920) p. 120. 
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operation!) by AA. SCHORNFLIES ?) and his predecessors only consider 
such A’s that an application of them to a point A produces a point 
B, the coordinates of which are found from those of A by alinear 
orthogonal substitution. By these operations the distance between 
two points therefore does not change. 

It seems natural to introduce for space-time symmetry-operations 
too the restrietion that an application of them to two four-dimensio- 
nal #yz-ict-points (or rather z'z’x’v‘-points) A and B does not change 
the four-dimensional distance A B. 

In the first place we thus limit our considerations to those A’s 
the algebraie representation of which is a linear orthogonal four 
dimensional substitution and to corresponding symmetry-elements. 

Secondly, (as was also done by ScHoENFLIES and his predecessors 
in an analogous sense) we exclude those A’s, the repeated applica- 
tion of which to a point A gives an infinite number’of points at 
the same time within a finite space or within a finite time-interval 
at the same place. 

Thirdly it will prove desirable to introduce still one restriction, 
which has not its analogue in the three-dimensional problem. 
From the algebraic substitution mentioned we see, that x', =”, @° of 
the new point B depend on x* ofthe original point A. Thus, applica- 
tion of the A’s in question to A gives a point 5 that is displaced 
in the course of time to an infinite distance even when A remains 
on the spot. This fact is an objection against the consideration of 
such a A; an objection however that may be avoided by considering 
only the final result of subsequent applieations of more than one A 
of the kind mentioned to a point A, of a AA therefore. 

So we limit ourselves to the consideration of such A’s, the appli- 
cation of which .to a point A gives a point B with a world-line 
parallel with the x*-axis, when the world-line of A has that direction. 

In the next $$ we shall see to which kind of A’s we are led by 
this restrietion. 


$ 3. (Greometrical meaning and analytical indication of one of the 
kinds of operations considered. In a R, with coordinates x!, a’, x’ 
and »'= ct, R, be an arbitrary linear space of three dimensions. 
We shall call R, a symmetry-space°) (symbol tr) when the 
corresponding operation (symbol X, name space-time-reflection) changes 


!) In the same sense as f.i. a rotatory-reflection is a AN. 
?) A. SCHOENFLIES. Krystallsysteme und Krystallstructur, Leipzig 1891. 


°) This name has already been used by P. H. Scuoute, Verh. Kon. Ak. Amst. 
Eerste Sectie Il 7 (1894) p. 16. 


N 


1491 


a point Ala,',2,’,20,%,2,‘ into a point B(a,',2,", x,’,x,‘) that is 
geometrically to be found in the following way. 

Draw through A a perpendieular to r and measure the length of 
that perpendicular on the other side of its point of intersection 
with r. The end-point of this stretch is the point 2. 

When X is given by the length /, of the RE from the 
origin of R, on t and its direction cosines @,', p,”, ,° and p,‘, where 

el N) 

then we find by substitution of one of the four indices 1, 2,3 and 4 
for n 

wr—a" + = P" (ı—Pp,' 2, —Pp}" 2 —P," 2, — Pi" ©,‘) BR S (2) 

When in a three-dimensional «'x’x’-system we consider a plane 
V through the origin, the direction cosines of its normal being 
in the ratio p,', p,? and g,', then the points A’ and B’, corres- 
ponding in this system to A and B in the four-dimensional system, 
are lying on the same perpendicular to V, x,”— x,” being proportional 
to @," for the values n=1, 2, 3. 

When the distances from A’ and B’ to V are denoted by —ym 
with m=1 and 2 resp., then we have 

KiRGE &m + 9," Im” Tr 9, im 
Ya — Ver, 


(3) 
and therefore 
„=y+2 V1-o* (l,-- V1-p* Y—Pı‘ a‘) 


2'420, (-N1-pR pa‘) 

Thus es distance from B’ to V and the new value of :ct are 
evidently found from the values of these quantities for the point- 
ineident A by drawing in a two-dimensional yx‘-system a line in 
such a way, that the perpendicular to it from the origin has a 
length /, and forms with the x* axis an angle with a cosine = 9,‘ 
and by reflecting the point A" with the coordinates #,‘ and y, in that 
line. The coordinates of the point 2" thus found give the new value 
of the time and the new distance to V in the three-dimensional figure. 


(4) 


$ 4. Each space-time-symmetry-operation of the. considered kınd 
may be regarded as a RuRe symmeiry-operation of space-time- 
reflections. 
The A’s treated Böt SCHOENFLIES and predecessors, reflection in 
a plane, Be SOR: about a centre, translation, rotation through 
2 
nz And —,.2-, 3-, 4- and 6-al screws, 2-, 3-, 4- and 6-al 
en and gliding reflection may ‘all be regarded as 
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complex reflections in one or more planes'). This is a cönsequence 
of the linear-orthogonal character of the, substitution by which only 
congruent and symmetrical figures are possible. 

For the same reason we must also assıume; that each .imaginable 
space-time-A of the considered kind may be considered as a complex 
reflection in one or more symmetry-spaces. This shows at once the 
way: in which, each: space-time-symmetry-element can be found. 


8 5. General formula for the coordinates of the ‚point B, found 
from the point A by application of an arbitrary complex space-time- 
symmetry-operation.of. the above considered kind. 


k=m 


a +2 D Hl—pr! a — PR a OR a IE a) LP + 
a ki 


im 


BER; (GB + ZU h+ ENDE +-)1}- - 8) 


where (p,g) has been written for 
ee) (5 pg' a pp’ pg" sr py* Pg® r (Pp" Pg‘). 
while we must take I>p>g>k etc. 


$ 6. We can derive ‘all space-time-symmelry-operations by simply 
combining all space-symmetry-operations that have been mentioned 
without the limiting to 2-. 3-, 4- or 6-al awes with time-symmetry- 
operations. The linear orthogonal substitution,; expressed by formula 
(5) will have a scheme of coefficients: 


1%, ı@3 183 184 ı@ 


2%, Pur 203 ur: 24; 


»Cı 3@, s@; ur ‚@; 


44 Fur 4%; 4 49; 


while these coefficients are connected by the following relations: 


een ı@, 10,430, za, + ,a, tea, 0: 
BR | E 3 ei j ( 
0, sl ta, a, — 1 (6) and 19 1054,20, z0, + 50, za, + ,0, 0, — 0 
2 
1 +3’ +,0,’4+,0,—=1 \ 19 10 +40 za 4a, za, = 
EN 0. (M) 


1%, 0,50, ‚a, +34, ,9, 4,0, a, —=0 
19; 14, 4,0, 20,430, ı4, 4,0, ‚ur 0% 
3 ad 184430, 2%, 430,30, 4,0; ‚a, =) 
\) (Note added during translation). See fi G., Vıo N 
‚added. 5 j 4. G. ViorA N. Jahrb. f. Miner., Geol. 
Feen Beil. Bd. 10 p. 495 1896. G. WuLrF Zs f. Kryst. u. Miner. 27 f 556 


Yy 
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Because of the third restrietion introduced in $2 we must suppose 
12, „a, and ‚a, to equal zero. Substituting this in (6) and (7) we find: 
Be ee U. oe, (8) 


while (6) and (7) are then reduced to: 


a,” F 4” 34, zn 1 10 a s@ı 2 = 0 | 
eo, + 24,” rel (9) and ,a, KA 2 50, 4 50, ,, —=0,. (10) 
ua a —l ! 145 19, 4 30, 59, 2, za, = 0 ! 


Equations (8) say, that the transformed time depends on the time 
only, and that the transformed space-coordinates are dependent of 
the original ones only. Equations (9) and (10) show, that this last 
transformation is linear orthogonal. By this we have proved the 
proposition stated at the beginning of this $. We need therefore 
only apply equation (5) for values of p,°=0 viz. for a pure space- 
transformation and of 9° =1 viz. for a pure time-transformation. 


$ 7. Meaning of the cases yn'=0 and pm'=1. AR with 
fm’ —=0 is nothing else than a reflection. (Symbol S, symbol of the 
symmetry-plane 8). 

It might seem interesting to derive all imaginable space-A’s by 
investigating which combinations of ©’s when considered as complex 
A, are compatible with the restrietions 1 and 2 of $ 2'). A point 
of consideration could be whether the order of application of the 
reflections in the AA should be chosen arbitrarily or not. In the 
first case”), we find, that each AA may be regarded as a combination 
of those already used by SCHOENFLIES and predecessors, but we might 
say just as well, that the A’s used by ScHoENFLIES are but combi- 
nations of &’s and that there exist combinations, which were not 
treated by him. Proceeding in the indicated way, we find some 
A’s that are aequivalent with point- and space-groups of SCHOENFLIRS. 
After this we might investigate which space-groups can be formed 
from those A’s. 

As however the result ‚of such an investigation has already been 
obtained by ScHorsrLıes we shall do better to combine each of his 


1) (Note added during translation). C. Vıora and G. Wurr partly executed 
such a plan (l.c.). 

2) This seems natural by analogy with A’s that were known before and is also 
demanded by the principle that around each particle the configuration ofthe other 
particles is the same. An exception to this last demand is formed by the definition 
of the sense of rotalion and translation resp. dilation for a screw resp. time- 
rotation (see further on). 


92 
Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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As without restrietion to 2-, 3-, 4- or 6-al axes with the possible 
time-A’s'). Which are these? E Br 

One single R with g=1 will be called a roiroliE Ez ), 
the corresponding symmetry-element a “symmetry-moment . In a 
moving system of partieles there exists a M (symbol for a refro- 
duction), wben each point P, where at the moment ? a particle A | 
is present, is also occupied by a particle B at the moment 2m—t, 
where m is the symbol for a symmetry-moment and so the value 
of its t too. When then at the moment {+ At A is at Q, there 
must also be present a particle at Q at the moment 2m —i—At. 
Because of the second restrietion of $ 2 we conclude that this last 
particle must be partiele 3. The veloeities of A and Bat P are 
therefore equal and opposite. At the moment m there would thus 
be at the same place two particles with opposite veloeities. This 
would be in confliet with the impermeability of_matter (which we 
shall assume to hold for the electrons too), unless the two particles 
are identical ®). Let us therefore suppose this to be the case. Then 
each particle must have come to rest at the moment m and hence 
deseribe its path in the opposite direction. 

When we have however a AA of a WM and a © we must change 
the above “at the same place” into “at the image of the place in 8”. 
Then the diffieulty of two particles with different velocities being 
at the same moment (at the moment m) at the same place, would 
be avoided, unless at the moment m the particles were lying in the 8. 
In this case the velocity at that moment would not necessarily be 
0, when only the two particles were supposed to be identical. 
Having passed the 8 the particle tlen describes the symmetrical 
patb and when moreover the 8 was intersected perpendicularly by 
the path there would not be any discontinuity in the motion. In 
Comm. n?. 4 l.c. the symmetry-element of such a A (symbol M&) 
has been called “reversal-symmetry-plane”. Further on we shall call 
it reversal-plane and the operation reversal-reflexion. 

Other AL’s of time- and space-A’s may be investigated in the 
indicated way. 


* 


') After this we have still to form groups with the ı’s used by SCHOENFLIES 
and with the newly introduced ones. 

2) This name (from retro=back and duco=I lead) and the name dilation 
(from differo =I postpone) introduced later on have been chosen in consultation 
with Prof. Damst£ of Utrecht. 

®) We exclude therefore cases as imagined by Lanp£ l.c., in which after a 
collision two electrons suddenly get each others veloeities in direction and mag- 
nitude. Lanp£ himself designs these cases as improbable. 
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$ 8. The AU’s of two and more Ws. Regarding time-A’s as special 
cases of Ws, we see from the end of $ 4, that we can find all 
kinds of time-A’s by only studying AN’s of Ms. 

The applicability .of the complex symmetry-operation of M, and 
M, (symbol P, name “dilation”, symbol and name of the symmetry- 
element p and “period”) to a system of partieles, means that when 
at a moment ? a particle A is at the point Ptliere are also particles 
B resp. C at P at the moments 2m —2m, +1 and 2m,— 2m, +1 
respectively. In this case P is every time occupied by a particle 
after a lapse of time, %m,—m,). When the number of partieles at 
our disposition is not infinite, the same particle A must necessarily 
at the end arrive at P again. Moreover, each particle, when arriving 
at P must have the same veloeity and the same direction of motion, 
which will become evident, when we consider the state at moments 
2(m —ım,)+t-+ At. All partieles are thus distributed in unequal 
numbers over differently shaped closed paths in which they circulate 
with phase-differences, that are the same for the different paths and 
also for the different particles in one and the same path. The times 
of revolution in two paths are proportional to the numbers of the 
eirceulating particles. 


ar 
A AA of a and a rotation through — about a n-al symme- 
n 


try-axis was already used in Comm. n°. 4 l.e. We shall call its 
symmetry-element n-al time-axis, the symmetry-operation time-rota- 
tion ') (symbol PN). 

The complex operation ofM,, M, and W, (symbol Q, name reversal- 
dilation) is a symınetry-operation of a system of particles, when it 
fulfills this condition: When at the moment £the point P is oceupied® 
by a partie A, we shall find there partieles B, ( etc. at the 
moments: 

— 2m, 42m, +2m, —i, 2m, — 2m, +2m,—t and 2m, 42m, — 2m, — t. 

In the first place we have therefore three symmetry moments. 
At those moments all particles must therefore return in their paths. 
As this must happen at more than one moment each particle oscil- 
lates in a different path of arbitrary form, while the moments of 
returning are the same for all paths. It is evident that in each 
path one particle only can eireulate now. Secondly there evidently 
exists a period. To find it the following considerations will be of 
use: When to a moment Z we apply the order WM, M,M, and to the 


Il) The distinetion we must make here between the two possible combinations 
of sense of rotation and sense of dilation is analogous to that which SCHOENFLIES 
and his predecessors made between left- and right-handed screws. 


I2E 
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result of this operation the order M, M, M,, the influences of M, 
neutralize each other, so that in fact we have only applied the 
double dilation M,M,M,M, '). Besides the intervals of time 4 (m, —m,) 
between the passages of particles by ?, - we find the intervals 
4(m,—m,) and 4 (m,—m,) too. Now we come into confliet with the 
second restrietion of $ 2, unless the quantities m,— m, and m,—ım, 
have a greatest common measure. This is the time of oseillation. 
We can easily prove that then all demands of $*2 are satisfied. 

By the investigation of AA’s of D’s and space-A’s we shall find 
i.a. that the paths may be closed in the same way as has been 
found for }, but that then half of the paths (chosen in a definite 
way) is described in the opposite direction. 


$ 9. There are no other time N’s than M, P and 2. For all 
AN’s of even numbers of M’s the same considerations hold as the 
following for four M’s. When at a moment £ the partiele A is at 
P, and when we have to do with a AA of four W’s we must find at 
P also partieles B, C’ete. at the moments 2m, +2m, +2m, +2m,—t, 
where the sign 4 has to be chosen for half of the +-signs, the 
sign — for the other half. This gives therefore more than one dila- 
tion, which together yield however (comp. the considerations on D) 
only a dilation equal to their greatest common measure, which case 
is already comprised in ®. 

For all AA’s of uneven numbers of W’s we can follow the 
reasoning on the case of D. Thus this neither gives something new. 

Combinations of time-A’s yield nothing that has not yet been treated. 


$ 10. Symbols for the new symmetry-operations and symmelry 
elements. For shortness sake we shall give names and symbols to 
the s.-t.-A’s and symmetry-elements. As a preliminary system we 
propose the following: 

With a small change now and then we retain the names and 
symbols ot ScHonsrLies. When now a A of ScHokNFLIES is combined 
with a retroduction the name of the first A might be changed by 
joining to it the prefix reversal. The same may be done with the 
names of the symmetry-elements. Before the symbols of A’s and 
symmetry-elements we add M and m resp. When the change relates 
to a dilation the prefix is “time”, for the symbols this becomes 


l) In the here indicated way the treatment of an’s of X’s (and therefore of 
Ws and &’s) is much simplified. By applying one of the y’s thus found to the 
symmetry-elements of another one we can see whelher this brings us into conflict 


with the restricions of $ 2. A au found in this way evident!y forms a group 
of a’s. 
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P and p. When an operation is combined with a reversal-dilation . 


we add the prefix reversal-iime and for the symbols Q and q. 
Sometimes the name obtained in this way is still somewhat shortened. 
In the following table we find tbese provisionally fixed names 
together with the-symbols. 


Without time \ With M 
Identity ? 1 Retroduction (symm.-moment). . . M 
Inversion (centre). s i Reversal-inversioin . ...2...M5 
Reflection (symmetry-plane) . u 8 Reversal-reflection (reversal-plane) . MS 
Rotation (n-al axis) . a a Reversal-rotation. . . » .....MMU 
Rotatory-reflection (n-al reflect.-axis) Reversal-rotatory reflecion . . . . MA 

_ Translation (place-period). s T t Reversal-translation. . . » 2»... MT 
Gliding-reflection (gliding plane) . . Reversal-gliding-refletion . . . . MT 
Screw (n-al screw axis) ni Reversal screw . 2» 2 2.2.2.2. M& 
With ® With 2 

EBilation (period)... .. UP p Reversal-dilation . m) 
ainverson TRITT Reversal-time-inversion BER; 
Time-reflection (time-plane). . . . PS p8 Reversal-time-reflection als 
Time-rotation . . 2 22..2..2..%9%4 | pa | Reversal-time-rotation . A 
Time-rotatory-reflection. . . . . . PA Reversal-time-rotatory-reflection . . DA 
Time-transiation : 2... 25 .PE pt | Reversal-time-translation . DE 
Time-gliding-refletion. . ». .. PT Reversal-time-gliding-reflection., . DE 
er pen Gr Reversal-time screw. war: 


$ 11. The way in which s.-t.-symmetry-operations may be combined 


into groups. When the point groups of ScHoENFLIES are completed 
by those, which contain other than 2-, 3-, 4- and 6-al rotations ete. 
we can form from each of the thus found groups, s.-t.-groups by 
combining each of the non-aequivalent operations of a group with 
either no time-operation or with a WM or withaP, or withaQ. Each 
of the thus found groups must then still be examined to find out 
whether the time-operations added are perhaps in confliet with each 
other. Several of the groups obtained will also be found to be the same. 

The same might be done with the translation-groups '), which are 
formed by ScHornruıes as a means to change point-groups into 
space-groups. After this, all obtained s.-i.-point-groups are multiplied 
‚by each of the s.-i.-translation-groups found. Examples of such groups 
will be given in a following paper (N°. 75). 


)) In the case of translation-groups we have no longer a ground for the assump- 
tion that a W and a © cause the paths to be closed. The only thing we should 
have won by omitting this hypothesis however would be the allowance of a conti- 
nuous translatory motion of the whole system of partieles. It would not be desirable 
to include this motion in our considerations. 
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Physics. — Space-time-symmetry. Il. Discussion of a special case. 
The tetrahedrical atom-models of Lanpe”. By N. H. Kouk- 
MEIIER. Communicaton N°. 75 from the Laboratory of Physics 
and Physical Chemistry of the Veterinary College at Utrecht. 
(Communicated on behalf of Prof. W. H. Keesom, Director of 
the Laboratory, by Prof. H. KamkaLınah ÖONNES). 


(Communicated at the meeting of January 29, 1921). 


$ 1. Introduetion. Recently, Born, Lanp£ and Maperune ') (parti- 
ally in cooperation) have studied atom models in which the electrons 
eireulating about the nucleus are distributed over a number of shells 
over each of which they are spread symmetrically. 

Lanpf treats?) the problem of finding “orbits with polyhedrical 
symmetry” with the intention of reducing the p-bodies-problem of 
the p electrons (the nucleus is thought at rest) to a one-body-problem. 

A survey of the possibilities arising in this problem and an 
insight. in the symmetry-character of the madels in question can 
easily be obtained by considering the latter from the point of view 
of space-time-symmetry (denoted further on by s-t-symmetry) treated 
in a former communication °). At the same time we may test in 
this way the usefulness of the considerations in question. We shall 
only consider the tetrahedrical models of LanDf. 


$ 2. The space group of -ScHoENFLIES, on which the tetrahedrical 
atom models of l.anp& are based. In fig. 1 
the 24 points are indicated, that arise from 
the symmetry of the tetrahedrical group of the 
second kind 74 (hemimorphous hemihedry of 
the cubie system) of ScHoENFLIES, when one 
of them is chosen arbitrarily ‘). SCHOENFLIES 
gives a summary of the non-aequivalent symme- 
try-operations of this group in the following way: 


!) See the papers cited in note 4 p. 1419. 


?) A. Lanp& Verh. d. D. Phys. Ges. 21 (1919) p. 2, 644, 653, Zs. f. Physik 2 
(1920) p. 83. 


3 N. H. KoLKMEUER Comm. N. 7a. These Proceedings p. 1419. 
‘) The points at the other side of the sphere are denoted by thinner small eireles. 
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in 2 27 
where U, ® and % denote rotations through — about the binary 


! ! m . ar 
axes, U, A, A” and 4” rotations through u about the ternary axes 
and ©. a reflection by one of the planes of symmetıy. 


$ 3. The model with 24 electrons. When we think the nucleus 
coineiding with the centre of the sphere on which the points have 
been drawn, then ‚an electron will collide with another one when 
in its motion it reaches the sides or the edges of the solid angle 
within, which its motion takes place. As has been remarked in 
Comm. N°. 7a Lanpf sometimes supposes such a collision to take 
place; but he thinks it rather improbable. Here we shall consider 
such collisions as impossible. Each electron must therefore describe 
a path that remains inside the solid angle (elementary domain). 

Now a s.-t..symmetrical atom is continually changing its aspect 
and at the same time perhaps not all its properties but at least 
those depending on the aspect. It would be diffieult, if not imposs- 
ible to recognize such an atom by its properties when not approxi- 
mately tbe same configuration of the electrons came back from time 
to time. This would be an indication of time-symmetry when at 
least the intervals between the moments of two equal configurations 
are approximately equal te each other. 

Perhaps the returning configuration might take another position 
in space than ıhe original one. As long however as we have not 
to do with the relation of an atom to a neighbouring one, it is 
allowed to choose a system of coordinates the origin of which moves 
with the nucleus, and which may rotate about its origin in such a 
way that the recurring configuration takes the same position with 
respect to the system as the original one. 

In Communication Nr. 7a we have seen that an electron returning 
to the same place (in the system of coordinates) after the lapse of 
a certain time while the same relation holds for all electrons, isan 
indication of the existence ofa “dilation’’ Por a “reversal dilation” D. 

In the same way as in a space lattice an infinite group is formed 
by the translations, an infinite group 1, P, P* ete.') is formed by 


ı) According ‘to ScHoEnrLiss each symmetry operation of a group transforms a 
particle into another one (at the same moment) but for the identity. 'Therefore the 
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the dilations. Let us denote this group by I]. SCHOENFLIES denotes 
some space groups by plaeing between broken 
brackets the symbol of the translation group 
used for the formation of the group and sepa- 
rated from it by a comma, the symbol of the 
isomorphous point group. Now tbe group of 
symmetry operations of the above mentioned 
atom model with 24 electrons will evidently 
IE be represented by { 7’, I}. The group contains 

Fig. 2. therefore the symmetry operations I and Il and 
moreover the same symmetry-operations, each multiplied by %”, 
where for m must be taken each positive or negative whole number. 
Fig. 2 shows possible paths of 12 of the 24 electrons. 


$ 4. The model with 12 electrons. Let us suppose now that only 
12 electrons are circulating with as -much tetrahedrical symmetry 
as is possible. Of the above 24 electrons each pair must then coin- 
cide. In this case an electron must be able to cross the boundary 
of its domain, but for the trivial case that it is always moving in 
a 8. When only space symmetry existed this erossing would be 
impossible. At the moment of the crossing of a $ the two electrons 
coineide, but the velocity of one of them is symmetrical to that of 
the other one with respect to the plane. The collision caused by 
such velocities might be avoided when one electron reverted in its 
path. From comm. Nr. 7a this evidently happens, when the reflection 
in the 8 is accompanied by a retroduetion M or a reversal dilation 
D viz. a retroduction M multiplied by a dilation P. 

For causing each two electrons to coincide we have only to choose 
for the symmetry moment of the retroduction that of the crossing 
of one of the six 8’s. We may form the group of the symmetry 
operations for this case in the following way. Replace II from 
$ 2 by: 


MEa MUS, MIBS MMS, 
III X MAUS; MANS: MUS] MAT, 
MUS MAUS, MAUS; MAUS: 


number of symmetry operations of a group equals that of the particles. In the 
group in question however each operation transforms a particle into the same 
particle at a different moment. By this the number of particles is no longer equal 
to that of the operations in the group. This last number is equal now to that of 
the positions of all the particles required for the definition of the model. 
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I and III then form a group which we shall call T,. This group 

multiplied by /7 gives the demanded group. Thus N’ = |{T,, IM, 
Here we ınay make the following remark. 
In the deduction of the above model we have 
quite followed Lanp#’s considerations spoken 
of in the introduction. According to these p 
eleetrons describe n = pg paths in such a way, 
that they continually show the symmetry of 
a sub group, while each of the p electrons 
describes g definite paths successively, where 
Fig. 3. pg denotes the number of operations in a group. 
The above model is therefore also a “tetra- 
hedrical atom model”. Lanp£ however does not consider this model 
with 12 electrons. In the model discussed above each of the 12 
electrons describes a path (see fig. 3 where the projeetion of the 
paths of 3 electrons on a plane perpendicular to a ternary axis has 
been represented) symmetrical with respect to a 8, while the two 
electrons that may be derived from a third one by application of 
a and 4’, describe paths that may be derived from that of the 
third one in the same way. (The period » of P is just equal to the 
time of revölution in such an orbit). Without pointing expressively 
to the necessity of this, LANDE considers the case that {he three 
paths in question coincide and form one path, symmetrical with 
respect to the three g’s, while the three elec- 
trons are ceirculating in it with difference in 

phase of '/, (see fig. 4). 

We may find the group of the symmetry 
operations of the model of Lann£ by multi- 
plying the whole group found above by M’&a’, 
where &y’ means a second & while ®#’ refers 
to the ınoment when it is passed. M&Sa and 
Fig. 4. M’S, being at the same time symmetry ope- 
rations, MM’CSaSy' is also a symmetry operation viz. a time-rotation 


2 i 
with a rotation through = and a period '/, of the time of revolu- 


tion — twice the time‘ between the moments in which the two 
8’s are crossed. When the group of the powers of dilations with 
period equal to '/, of time of revolution is called IT’, then the new 
group is SD’ =!T, IM, The group /I discussed above is a sub-group 
of group IT. 


$ 5. The model with 4 electrons. Lanp& also discusses the case of 
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4 electrons. This case is found from the foregoing model of LAnn£ 
when the two eleetrons that are derived from a third one by a 


ar ; y 
single and a double rotation through 5 about a ternary axis, COIn- 


eide with this tbird. one and when this is the case for each of the 
ternary axes. Thereto we have only to change the ternary axes 
into ternary timeaxes, to choose the period equal to '/, of the time 
of revolution of the electrons in their orbits and to take care to 
combine positive dilations with rotations about the axes in senses 
corresponding with the direction of revolution of the electrons. In 
that case however I and III, both changed in the indicated way, 
do not longer form a group. Let us consider however the group. 


SEEN II MS MIS MVS MWES, 


which forms namely a group differing in the same sense from the 
group Va of SCHoENFLIES as the group I‘, from 74. When we 
multiply this group which we shall call 7’, by the infinite group 
7" of the time-rotations 1, WA, PA’ ete., where y hsap='), 
time of revolution, then we obtain the required group T/' ={T,, 2"}'). 
II is a sub-group of IT" too. This case too is represented in fig. 4 
when two of the three indieated particles are cancelled. 


$6. The model of Maperung and Lanpe. Maperung and Lanp# 
have treated still a model (l.c.), in which four electrons are moving 
in the lastly mentioned way. They are circulating with a uniform 
velocity in eircles, while each electron is followed by another one 
in the same orbit at an angular distance of 75°, so that totally eight 
electrons are circulating. This model may easily be derived from the 
preceding one by choosing the moment of M not equal to that of 
the crossing of one of the #’s. Then two electrons are namely cir- 
eulating in each orbit, with a constant phase-difference when the 
orbits are circular and when the veloeity is uniform. This last con- 
dition cannot be expressed by the used operations. The model in 


!) Though it is not here our purpose to find out all possible cases, we may 
point at another way in which the electrons may be brought to coincide, viz. 
when the binary axes are replaced by time-axes. We then obtain six electrons 
each of which could move fi. over a face of a cube. Perhaps LANDE did not 
consider this model because it has no binary axes. Still we must also consider 
this model as a case of “tetrahedrical” s.-t..symmetry. Moreover it may also be 


treated as a special case of the model of Lanp& of six electrons in rhombohedrical 
symmetry connection. 
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question thus belongs as a special case to the group 7’ —={T,M", 
where T, is: 
II UTDB PR IMS MUS MBER MUT, 


$ 7. Final remarks. In the same way we can also study the 
cubie model with 48, 24 and 8 electrons respectively, and also the 
models with other numbers of electrons. We may still draw the 
attention to the problein of the s-t-symmetrical relation between the 
different shells of an atom with respect to the above = on the 
periodieity of the configurations of the electrons. 

Finally the following may be remarked: 

When a certain number of elecirons is moving in such a way 
that s.-t.-symmetry exists, it is evident from the preceding that 
perhaps no pure space symmetry element exists. In the equations 
of motion given by LaxD& for one of four electrons the remaining 
space symmetry of the four electrons was taken into consideration. 
These equations proved to possess the symmetry of the group 7« of 
SCHOENFLIES, so that the four-bodies-problem of the four electrons 
was reduced to a one-body-problem. From the preceding we now 
see, that this reduction could only be the consequence of the existence 
of the s.-t.-symmetry of the electron configuration in the equations; 
and that this symmetry would not suffice when the time-symmetry 
parts are omitted. It may be verified easily though that, in the cases 
discussed above no change is brought into the conclusion by this 
remark. We have seen moreover, that Ihe appearance of 8.-t.-sym- 
metry instead of space-symmetry was always connected with the 
coineidence of two or more orbits; and algebraically this is expressed 
by boundary conditions, not by a property of the equations of 
motion. 


Physics. — “Space-lime-symmetry. 111. Bemarks on the deduction 
of groups of space-time symmetry-operations.” By N. H. Kork- 
meiyerR. Communication N°. 7e from the Laboratory of Physics 
and Physical Chemistry of the Veterinary College at Utrecht. 
(Communicated on behalf of Prof. W. H. Krzsom, Director of 
the Laboratory, by Prof. H. KAMERLINGH ÖNNEkS.) 


(Gommunicated at the meeting of January 29, 1921). 


$ 1. Introduction. In Comm. N’. 7a!) the s.-t..symmetry opera- 
tions have been derived, Comm. N°. 7b’) gave examples of the 
application of these on a couple of models. With the purpose to 
start the study of the s.-t..symmetrical atom models I have spent 
some time with finding out all groups of s.-t..symmetry operations 
that are connected with point groups. The results of this investiga- 
tion would take too much space here. Therefore only a few remarks 
follow on the way of deduction of the groups in question. 

As moving particles we shall choose one atom nucleus and a 
finite number of electrons, all without dimensions. 


$ 2. Possibility of the ewistence of the s.-t.-symmetrical atom models. 
In the first place we may prove in a way analogous to that followed 
by Lanp£°) in the discussion of the possibility of his models, that {he 
s.-t..symmetrical atom models are consistent with the action of the 
forces. \ 

In the second place: Among the models found in the way here 
indicated there will be some that do not satisfy the demand, (Comm. 
N’. 75*)), for an atom model, that the configuration of nucleus and 
electrons returns periodically. This is f.i. the case with all models in 
which we have to do with one retroduction only. We might call 
them quasi atom models. For the sake of a systematic treatment 
we shall have to consider these too. 


In the next $ we shall see, that it is impossible that to the ope- 


\) These Proceedings, p. 1419. 
%) These Proceedings, p. 1428. 


®) A. Lano£, Verh. d. D. Physik. Ges. 21, p:2, 1919, 
4) l.c. 
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rations in question there belong those that are combined with trans- 
lations. Thus we have only to consider rotations, rotatory reflections 
(ineluding refleetions and inversions) and combinations of these two 
with retroductions, dilations and reversal dilations. 


$ 3. We need not consider other configurätions of space symmetry 
elements than those considered in the theory of space-symmelry. 
Evidently the configuration of the space symmetry elements (including 
the geometrical parts of the s.-t.-A) is a figure at rest, so that when 
one of the s.-t.-A, composed of a s.- and a t.-A, is applied to it, it 
will give a congruent or symmetrical configuration, though at a 
different moment, but also at the same moment. The s.-A alone 
being then a A of the configuration '), this latter must correspond 
with one of those obtained in the theory of space-symmetry ?). 


$ 4. Introduction of the generative operations of a group. That 
the method indicated in communication N’. 7a l.e. for the searching 
of all groups of s.-t.-symmetry-operations is valid has been proved in 
the preceding. This method however may be much simplified by 
making use of the generative operations of the point-groups ’) viz. of 
operations chosen in such a way, that each operation of the group 
can be considered as a product of some of those generative opera- 
tions (the order in which the factors are taken having influence). 
We shall indicate each group by placing the symbols of the gene- 
rative operations, separated by comma’s, between broken brackets. 

When to each of. the generative operations of the group @ = 
4,3, € we add a time operation (ineluding the identity) we obtain 
the group F= GN, HB, KU. When moreover pure time operations 
are added as generative operations, so that we obtain I, =!}...®, 
M, GA, HB, KC}, we need only vary the operations Ö, H,8,E,M... 
in all possible ways to find all groups of s.-t..symmetry operations, 
that can be derived from @. Now though it is possible that in 


a group T, which has been found in some other way and which 


1) This holds also for translations. As we have confined the number of nuclei 
to 1, no A’s composed by means of translations can occur in the groups sought for. 
®?) It might seem doubtfül, whether for time rotations tlıe restriction to those 


through ro radians, remains valid. In fact in these considerations there is no 


objeetion to time rotations with infinitesimal rotation. This has a meaning only 
when besides the time period is infinitesimal. Then this symmetry element indicates, 
a uniform circular motion. But for the rest this does not change the following 
considerations. 

5) A. ScHoRNFLIES, Krystallsysteme und Krystallstructur, Leipzig 1891. 
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necessarily must have GA, HB and KC in common with one ofthe 
varied groups T (f.i. T’), we find another one of _ non-aequiva- 
lent operations of G@ multiplied by the time operation RX, while in 
T this added operation is P; we can however add to T’ as a gene- 
rative operation a time operation D in such a way that IP —R, and 
then we obtain a group I’, which does no longer show the indi- 
cated difference with T, and which doubtlessiy belongs to the 
groups found by the variation of the group TI}. 


$ 5. The time operations added cannot be in contradiction. From 
the preceding it is evident that in some one of the groups obtained 
in this way, one of the non-aequivalent operations of @ could oceur 
more than once, each time multiplied by another time operation. 
When these should be in confliet with each other, this would only 
mean, that all electrons are at rest. For a point at rest has each 
conceivable time operation as a symmetry-operation. Then the group 
is the same as @ itself with the special condition that the particles 
do not move. 


$ 6. Restriction of the time operations that are to be added. 
Never need reversal-dilations to be added to the generative opera- 
tions of a group as (@. A reversal dilation Q& namely means nothing 
else but a group of time operations among which f.i. MM, M, and 
M,M,M,. It is evident that the same effect is obtained by adding to 
A the order MM, M, only. For, when later on time operations are 
added as generative operations to the groups that have been formed 
already we necessarily add f.i. also the operation M,M,M, M,, which 
multiplied by MM,M,A gives again MM M,A. As further MM,M, 
is a retroduction and as in the derivation of the groups we neces- 
sarily add each retroduction it has no sense to consider the form 
MM,M, especially. Similar considerations show, that of the orders 
MM, and M,M,, that are included in a dilation we need only to 
add one. Thus the generative operations of group @ are multiplied 
by M or MM, only; for the same reason we add later on as 
generative operations only either M, or M,M,, or M, and W,. 


$ 7. Choice of the generative operations. Proceeding in the indicated 
way we are sure to omit none of the groups of s.-t.-symmetry 
operations. It will however very well be possible that we thus obtain 
the same group more than once, each time in a different form and 
thus that those different forms do not always show their aequivalence 
directly. We shall see how that aequivalence of two such forms can 
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be found out. For this purpose it will prove to be desirable to 
choose the generative operations for each group @ in such a way, 
that a possibly low power of each of these operations is aequivalent 
to the identity. Thereto we shall even sacrifice sometimes the ad- 
vantage of a possibly small'number of generative operations. 
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On the other hand it will be practical to choose as generative 
operations when possible aequivalent operations of tlıe group, as is 
evident from the following. The octahedral group of SCHOENFLIES f.i. 


1) Analogous to ScHoENFLIEs’ distinction between “point groups of the first kind” 
(the first 5) and “point groups of the second kind” (the rest), we might discern 
between ‘“finite nuclear groups of the first and of the second kind”. 
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may be represented as well by {4,,W,}") as by $A, U}. Adding 
to the operations M, and MM, in every combination, we find for 
the second notation 9, for the first one 6 groups, as evidently 
IM A, Wand AU, MW}, and also M,M,A, W,} and A, M,M,W,} 
and also {M, A, MM, W,} and {M,M,A,, MW} are aequivalent groups. 
Therefore the first notation is preferable. 

Generally both desiderata on the choice of the generative opera- 
tions cannot be fulfilled at the same time. Then -it is desirable to 
satisfy both separately and to consider the two notations compara- 
tively. 

All point groups (between which therefore the 32 elasses in ques- 
tion of SCHoRNFLIES) are tben included in the preceding scheme of 
14 kinds of groups for some of which two notations have been 
given (see table p. 1437). 


$ 8. Imvestigation of the aequivalence of groups that are found. 
Here we can only give some indications, which together with the 
drawing of a figure or the writing out of the non-aequivalent opera- 
tions of the group (the two last ways of proceeding are most times 
superfluous) are at all events sufficient. 

By way of illustration we shall directly apply these indications 
to one of the groups @ for which we shall choose $4,, W;}. 

We must try to reduce to one all notations, by which a 
group can appear. When. therefore a mM, that is added to one 
of the generative operations, can be reduced to M or even to the 
identity, we shall do it. Example: MA, M,M,W}.. In the first 
place we may replace M,M, by M,M, without loss of generality 
(let this proceeding never be omitted). Further, WAY —M, is 
an operation of the group. When therefore we consider M, and A, 
separately as generative operations of the group we have already 
followed the precept partly. We can however follow it still more 
completely. As namely M, has now become a generative operation, 
we may substitute M, W, for MM,A',. As then however WA, —M, 
is also an operation of the group, we must take as generative ope- 
rations again MW, and W, instead of M,W,. The group {M,A,, 
MM,W,} is therefore aequivalent with the group M,M,A,,W. 
When the newly found generative (pure time-) operations had not 
happened to appear in one.of the above given forms M, MM, or 
MM, we should have reduced them to one of those or or, 


!) In the following 9, means a rotalion through 2 360°, © a reflection in a 
n N 


plane, 9, a rotatory reflection. 
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if impossible, we should be already in the above mentioned case 
that all eleetrons are at rest, so that we had to omit all added time 
operations. | | 

From this example it is evident, that we must try to find outall 
pure time operations that are included in the adding of time opera- 
tions to generative operations of a group @. Evidenty we find them 
all by considering all products, of the generative operations of @ 
that are aequivalent to the identity. In most cases these are seen 
on first sight in a suffieient number. In the above example f. i. 
(A,)’=1 suffices. When however we meet with diffieulties we make 
use of the second notation that has been given for each group. In 
this way are obtain the following scheme: 


MAUSULSUAUNA MA 

MA, AU M, U, WM) DM, MU, WM, M,, A, U) 

MU, MU — MM, A, WR) MM,MA,MW)—M, MU, W) 

MM, A, U MM, A, U, IM, MMA, AZ-IMM,A,W, 

MA, MMAWI-M, MU, |MM.MAMMAL-IM,M,A,W) 

MM, A,, MM,W— MM), DM, MM,A, MMA—_ MM,’ 
META, mE, ME MM EN, , 

m, A, W DM, A, U 

IM, , MU, WM, MA, W, MM, MU, AUFZM,M,A,W) 


MA MEIEM MAUER MAMA FEN MA, U 
IM, MM,4, U, — PR,» mM, A,, 4, M,, M,, MM,A,, a IM, N An a, 
M, M,4U,, MNAM,, M,, 2,, U {DR MM, U,,M, m, U} > MM, Y,, W 
IM, DEM, U, MA IEM MAUS M, ME, MA, MD MM AU 

so that the following 5 groups only remain: 

UM EM A UM U UT MU U 
and 
1 1 

RM, MER REM, 

First we derive all groups, in which no pure time operations are 
added yet to @ as generative operations; this simplifies very much 
the derivation of the other groups. Above we saw that everywbere 
MA, must be replaced directly by M and %,. As to M MA, A 
we must attend to two things: firstly that (MM,A,)—= (M, M,)’; 
secondly that (M,M,A,W, 1)? — (MM,A,) — (M,M,)”, and therefore 
also M,M,, are operations of the group, so that the generative operation 
M, M,A, has to bereplaced by thegenerative operations M, M, and 4,. 

93 

Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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In the case of fM,M,A,, MM, W',} the operations (M,M,A,) = MM,’ 
and in the same way (MM,)’, but also (M,M,A, MMU))’—= 
— (MM, MR, A, = MM, MM) = MN, belong gi the 
group. Now these three dilations must give together a @.C.M. of 
their periods, by which the new dilation M,M, is determined. Then 
we must have (MM, — (MU,)%, (MM;)’ — (M,M,) and (MM, = 
— (MM,)m, (k, 7 and m integers). This involves M,M, = (M,M EB, 
MM, —(MM,)/ and MM, = (MM,y"?, so that MMMM, — 
— (MM MM, (WM) orl/3 +m/2= k/3and I=k+-3n 
(n an integer). Taking the newly found dilation as a generative opera- 
tion the group becomes therefore |M,M,, (M, MH 3 4, (MMIHRUN. 
In the factors of A, and W, we may of course omit powers of 
M,M, with integer exponents, so tbat n vanishes and we can choose 
for k 1 and 2 only. Here (M,M,)?B A, means nothing but (M,M,)-V2N,, 
the time rotation with period opposite to that of (M,M,)'/3A,. When 
besides in order to avoid fraetions we substitute (M, M,)’ for MM, 
we obtain {M, M,)', MM,EIA, RM,)Zı X ,}4 +, where ++ means 
that in the exponents only the + signs or only the — signs may 
be combined. 

Other time operations that must be attended to will not easily 
be found beside those above mentioned. Here we have a case, that 
we consider the figure using at the same time the new form for 
the symbol of the group. Then it is evident, that a simple dilation . 
is allowed. 

In the investigation of»the following groups the new symbols for the 
groups obtained until now can be used. (Example: $M, M,, MM, A, WU). 
Not only we attend then to the groups that have been discussed 
already and to which a generative time operation is joined, but 
also to the groups treated before that are obtained by joining that 
time operation to each of the generative operations of the first group. 

Finally we may draw the attention to a way of proceeding, which 
gives us easily a new generative time operation when we are joining 
a generative time operation. When f.i. M, is joined to {M,U,, M, uch 
so that we obtain M,M,A, M,W,}, then according to the above we 
consider also {M,, MM,A,, M,W,}. However not only MM,A,, but 
also M,M,A,, and therefore (M,M,A,)-1— 4,-1 MM, is an opera- 
tion of the group, and so MM, AA IM M, — (M,M,)’ too. In the 
same way of course (9, M,)’. Further we then proceed in a similar 
way as has been indicated above for {M,M,A, MM AU, | 


$ 9. Final remarks. With the aid of the preceding we can find 
in a rather simple way the 167 kinds of groups of space-time 


‘ 
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symmetry operations. Each kind of groups as f.i. $QA,} contains one 
group for each value given to n. In another paper a list of these 
kinds of groups will be given. ') i | 

Finally still the remark that not in all cases that may be found, 
the nucleus must remain at rest.°) 


I) Physik. ZS. 22, p. 457, 1921. 

2) In contrast with the theory of space symmetry, which has a mathematical 
character the theory of space time symmetry must be regarded as having a 
mechanical nature. Born, Lanpt and Maperung (see for the literature Comm. 
N’. 74) have already started with the subdivision of this theory called by them 
dynamics of atoms; then the preceding might be regarded as an introduction to 
the kinematies of atoms. 
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Physiology. — “On Smelling during complete Exhaustion (resp. 
adaptation) for a given odour.” By K. Komuro (Nagasaki). 
(Communicated by Prof. H. ZWAARDEMAKER.) 

(Communicated at the meeting of March 26, 1921). 


A rather considerable number of qualities (so-called specific ener- 
gies) is to be distinguished in the sense of smell. This is borne out 
by exhaustion-experiments performed long ago by FRÖHLICH, ARON- 
SOHN, ZWAARDEMAKER, HERMANIDES. 

FrönHuich!) first fatigned his olfactory organ by a given odorous 
substance and then tried to find out whether this organ was still 
sensitive to other smells. In his discourse he wrote: “Wenn z. B. 
Valeriana Celtica gerochen wurde, so wurde darauf der so nahe 
stehende Geruch von Patchouli nicht wahrgenommen; wohl aber 
erregte Valeriana nach Patchouli noch einen sehr lebhaften Eindruck.” 

AroNnsoHN?) has made a more careful study of the subject. He 
used some phials filled with different odorous substances. He kept 
smelling at them until his sense-organ had absolutely been blunted 
for the scent. Then he took another phial and tried to smell its 
odour, if possible, and he determined its intensity. 

By their intensity he groups the odorous substances into three 
classes, viz. 1°. those of insistent intensity; 2°. those of decreased 
intensity, and 3°. those that become inodorous. When e.g. his sense- 
organ was exhausted for the tineture of iodine, it was still fully 
sensitive to the stimulus of ethereal oils and also ether; only faintly 
so to that of oil of eitron, of sage, of nutmeg-blossom, of turpentine, 
of bergamot and of cloves. Nothing was smelled, however, of balsam 
of copaiba and of spiritus. Some more exhaustion-experiments were 
made for sulphammonium, camhpor and oleum juniperi. He describes 
his result as follows: “Verschiedene Geruchsqualitäten affieiren ver- 
schiedene Bezirke der Geruchsnerven derart, dass eine Qlasse von 
Riechstoffen einen Bezirk maximal erregt, einen zweiten Bezirk in 
niederen Grade, einen dritten gar nicht erregt.” 

Similar experiments have been performed by ZWAARDEMAKER?) in 


') FrönLicH, E. Sitzungsber. d. Kaiserl. Akad. d. Wissensch. Wien. Bd. 
VIE 8.2322, 
?) ARONSOHN, E. Archiv. f. Anat. u. Physiol. 1886. S. 361. 


3 [3 . ” E 
3 san H. Die Physiologie des Geruchs. Leipzig. Engelmann. 
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cases of toxic anosmia evolved by cocain and in a case of post- 
diphterial anosmia, His results were distributed over two tables. In 
toxie anosmia evolved by cocain the smell of oil of camphor, of 
nutmeg, of Roman chamomile, of lavender and of laurel was un- 
impaired, whereas oil of thyme, tincetura nueis toncae, oil of euca- 
lyptus, of peppermint, oleum spieae, and oil of valerian was more 
or less obtused. Complete obtusion was attained with oil of eloves, 
of anise, of hyssop, of rosemary and with asafoetida. 

HrRRMANIDES!) examined exhaustion by taking for an index the 
lengthening of the reaction-time it causes and tabulated his results 
as follows: 


TE TTS 


After Exhaustion with a Constant Reaction-time 
I lacetat $| Isoamylacetate | Nitrobenzol 
SOAIMJTRCRIAIE t| Valerianic acid 
: Nitrobenzol Ar a 
Nitrobenzol Isoamylacetate | Valerianic acid 
Valerianic acid | ee | Nitrobenzol 
Scatol Scatol ee 
j itrobenzo 
Valerianic acid 


E. L. Backman’) objects to the idea of “exhaustion” and prefers 
the word “adaptation”, which, however, he also wishes to avoid, 
because he bases the whole phenomenon upon his differential- 
hypothesis. He assumes namely that a smell-sensation can be aroused 
only when a scent can penetrate as far as the olfactory cells in an 
increasing or decreasing quantity, but not when the accession 
of the odorous molecules (Hrynınx’s odorivectors)’) occurs equably 
through invariable supplies per diffusion. The olfactory stimulus 
arises only when a certain procentic increase of the number of 
intruding molecules has taken place. From this hypothesis it follows 
that, with complete exhaustion (adaptation), only with a certain procentic 
increase of the concentration of the odorous matter in the air that 
reaches the olfactory region, a just noticeable sensation must be 
obtained. Backman’s hypothesis on this point has entirely been 
confirmed by my experiments conducted in ZWAARDEMAKER’S camera 


I) HERMANIDES, J. Onderz. Physiol. Lab. Utrecht.. (5) Deel 10, p. 1. 

2) BACKMAN, E. L. Exp. Undersökningar öfter Luktsinnets Fysiologi. Upsala. 
Läkare förendings Föfhandlingar. N. T. Bd. 22, p. 319, 1917. 

3), Heynınx, A. Essai d’olfactique physiologique. These Bruxelles, 1919, p. 2. 
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odorata, in which first exhaustion (adaptation) for a given odour 
was obtained, and directly after a measurement of smelling was 
taken. These experiments will be published in another paper. 

For terpineol, guajacol, eaproie acid, I made tests in which, after 
complete exhaustion (adaptation), the smell-measurement was made 
in perfumed air, which of itself did not set up a smell-sensation 
any longer. 

In order to make a comparative estimate of the quantity ofsmell 
in the camera of 400 liters, I have determined, at the termination 
of ıny experiments, the minimum perceptibile in ZWAARDEMAKER’S 
smelling-box for the odour for which I had exhausted my sense-organ. 

I then found that for terpineol the just noticeable concentration 
was 3.9.10-10 grms. per c.c. of air. It is called olfactie, so this 
definite small quantity of odourous matter per ec. represents the value 
of one olfactie of my individual unexhausted olfactory sense. At the 
commencement of the experiment the absolute quantity of odorivector 
per ee. corresponding with the minimum perceptibile, was presumably 
smaller, seeing that my smelling capacity for the odours used had 
certainly decreased a little during my experiments. On this account 
the term “exhaustion” is perhaps more correct than “adaptation”. I 
will, therefore, use it for the present series of experiments'), although 
it should on the other hand be acknowledged that for the lower 
values the term is quite appropriate in conneetion with the constancy 
of the liminal values of differentiation and with the analogy to the 
sensation of light. (BACKMANn). 

After evaporation of one drop of terpineol the camera of 400 liters 
in which the head of the observer is enclosed, contains per ce. of 
air 9.1078 grms of odorous substance. This concentration represents 
125 of my olfacties as could be established at the termination of 
my experiments. I remained in the perfumed air for 6 minutes. 
At the end of this period my olfactory sense had quite adapted 
itself to the condition, so that I was not aware of any sensation of 
smell. I did not perceive anything of the kind either when breathing 
deeply or when sniffing. 


') Olfactometrical determinations showed that the obtusion for terpineol 
and guajacol was rather considerable at the end of my experiments, when 
compared with the beginning; for caproic acid, however, there was none. 


This may be inferred from the length to which the cylinder had to be moved 
out for the minimum perceptibile. It was: 


at the outset | at the end 
tor terpineol‘ 0.200 c.m. 0.300 c.m. 
for $Suajacol 0.145 c.m. 0.300 c.m. 


for caproic acid 0.110 c.m. 0.110 c.m. 
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In subsequent experiments this was repeated for guajacol. 

The minimum perceptibile in ZWAARDEMAKER’s camera amounlted 
for my olfactory organ with guajacol to 6.4.10-!% grms per cc. of 
air. This concentration corresponds with the value of 1 olfactie. 

After one drop-of guajacol was evaporated the camera of 400 liters 
contained 8.2.10-3 grins per cc. of air, in other words 128 of my 
olfacties. I remained for 7 minutes in the perfumed air. 

The same was repeated with caproie acid in a third series of 
experiments. 

The minimum perceptibile for caproice acid in ZWAARDEMAKER’S 
camera per cc. of air was 3.3.10-10 srms, corresponding with one 
olfactie. 

After evaporation of 0.5 drop of caproic acid the camera which 
encloses ihe observer’s head, contains per c.c. ofair: 3.35.1078 grms 
of this odorous substance. This concentration represents 118 of my 
olfacties. I remained for 6 minutes in the perfumed air before 
making measurements. 

In these 6 minutes my organ got completely exhausted, so that 
no observations could be. made either when breathing deeply or 
when sniffing. 


When making a measurement in an inodorous surrounding with 
the olfactometrical eylinders that I used, the min. perc. for my 
organ corresponded with 


Amylateiale rn... 23.0. 0,11 6,M. 
nirobenzobser ame 3.2.1077, 0.15, 
BrDIDeob a na 2.0.0, 
art moschus® _. = 2° .2:0.11. ,, 
# Zuvtaltonolsae 22 222, 7220.20: :,, 
POMacOl N 9.00.30. 
Bamome ae ar. 0. 2070011, , 
ne re. 0.10, ;,, 
Beau we. >.000.22, ;,, 


However, performing the same determination in the perfumed air 
of the camera, the results are quite different. 

With a view to making these determinations in the camera an 
olfactometer is attached to the bottom, through which an inspiration- 
tube of the olfactometer projeets. This inside tube of the olfactometer 
can be freed from adhering odour by means of a current of air 
passing through the long movable glass-tube, which can be inserted 
or disconneeted at will. During the measurement the turned up part 
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of the inspiration tube is passed into the forward half of the nostril, 
while the back part and the other nostril are left open. So the 


Into this chamber, mounted on high 
legs, the observer’'s head is thrust 
through an opening below, which can 
further be closed by a sliding lid. Under 
this lid an olfactometer is applied. 
Through the camera runs a movable 
$lass tube for a current of air to pass 
through. This current serves to clean 
the inside tube of the olfactometer in 
the intervals of the experiments. To the 
left is a rotating fan. (When the space 
is used as a camera inodorata a 
uviol-mercury lamp is burning to destroy 
the adsorbed odours through ultra- 
violet light.) 


Smelling Chamber of a capacity of 
400 liters arranged for exhaustion- 
experiments. 


observer inspires the air from the olfactometer with the one nostril, 
and witl the contralateral nostril he inhales the perfumed air of 
the camera. In order to perfume the air that passes through the 
olfactometer in the same degree as the air in the large camera a 
flexible tube is led from the camera to the olfactometer. This tube 
is taken up by an obturator applied to the outer ceylinder of the 
olfactometer. 

As the flexible tube consists of metallie rings held together by 
caoutchoue, it is necessary first to wash the tube out with tapwater 
without drying it in order to deodorize the caoutchoue. 

These precautions enable us to make the measurements at the 
olfactometer while being assured that they take place in the perfumed 
air for which the sense-organ has been fatigued and which does 
not per se impart a smell sensation to the observer. 

It is interesting now to determine the sensitiveness of the olfactory 
organ for guajacol with complete terpineol-exhaustion, for terpineol 
and guajacol with complete eaproie acid-exhaustion. 

This is shown in the subjoined tables: 
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Complete terpineol-exhaustion 1). 


Min. perc. in 
olfacties. 
Amylacetate 1.7 
Nitrobenzol 1.4 
Terpineol © 
Art. Moschus 5.0 
Allylalcohol 4.5 
Guajacol 4.3 
Caproic acid 4.2 
Pyridin 175 
Scatol 5.0 


!) Time in which complete exhaustion was attained: 


with terpineol 1 drop 6 min., 
with guajacol 1 drop 7 min,, 
with caproic acid 0.5 drop 8 min. 


It appears then that exhaustion is attained sooner for terpineol, then follows 
caproic acid, while guajacol comes last. 


Complete guajacol-exhaustion. 


Min. perc. in 


olfacties. 
| 
Amylacetate er 
Nitrobenzol 1.3 
Terpineol 4.9 
Art. Moschus Br2 
Allylalcohol 8.5 
Guajacol © 
Caproic acid 11.5 
Pyridin 1% 


Scatol 525 
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Complete :caproic acid exhaustion. 


Min. pere. in 


olfacties. 
Amylacetate 1.6 
Nitrobenzol 1.3 
Terpineol 3.3 
Art. Moschus 3 
Allylalcohol 523 
Guajacol Se) 
Caproic acid © 
Pyridin 1:5 
Scatol 4.5 


GENERAL CONCLUSION. 


Amylacetate, nitrobenzol and pyridin are odours for which an 
olfactory organ that has been exhausted by the smell of terpineol, 
guajacol or caproic acid is blunted only very slightly. The liminal 
value is about 1'/, times higher than is normally the case. So the 
anosmia evolved is about °/,. 

For other qualities of the series of 9 standard-odours (except 
that for which complete exhaustion exists) the organ is blunted to 
k or er 


Chemistry. — “On the Acceleration of Solubility of Metals in 
Acids by Reducible Compounds.” By H. J. Prıns. (Communi- 
cated’by Prof. J. Bökstken.) 


(Communicated at the meeting of March 26, 1921). 


It is a well-known fact that though there are a great many means 
available for the reduction of organie compounds, the choice of the 
reducer greatly contributes to the success of the reduction, so that 
it is not suffieient to bring hydrogen in status nascens in the presence 
of the substanee that is to be reduced. It ensues from this that there 
must be a relation between the reducer and the compound that is 
to be reduced; if this relation were known it would be possible to 
make a choice with certainty from the available reducers for a 
definite purpose, or to find new reducers. | 

Some years ago it was pointed out‘) that in case of reductions 
the veloeity of solubility of the metal in the acid is enhanced by 
the reducible substance, and that evidently a cooperation, a coaction 
must take place between metal, acid, and reducible compound in 
order to bring about the reduction; which is then accompanied by 
a more rapid dissolving of the metal. 

Definite examples of this have not been recorded, except in the 
literature ?) of patents. 

Such eoaetions, which are reckoned among the mutual inductions, 
are however, known in all kinds of other reactions, especially oxi- 
dation reactions. Besides it is known that metals dissolve more 
rapidly in the presence of oxidizers,') in such cases it is, however, 
diffieult to decide, whether one bas to do with a mutual induction 
or & subsequent reaction, while the formation of primary oxides 
assumed by some scientists to take place in such reactions as. inter- 


1) Prıns, Chem. Weekbl. 14, 72 (also note) and id. 1004 (1917). 
Ibid 11, 476, 477 (1914. 
Ibid 12, 38 et seg. (1915). 
Journ. f. prakt. Chem. N. F. 89. 448 et seq. (1914). 
2) LassaR COoHN, Arbeitsmeth. d. org. Chem. 
s) Van NAME, Chem. Centr.bl. (1914). 1 20; (1918). I 257, 907. 
Sırkowskı, Chem. Ztg. 40. 448 (1916). 
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mediate product, cannot serve as an explanation in the reduction of 
nitro compounds, aldehydes, and similar substances. ') 

Besides for the knowledge of the phenomena of reduction and 
undoubtedly also for the knowledge of the phenomena of oxidation, 
more in particular in organie chemistry, this phenomenon of co- 
action is of importance in that it is in close relation with catalysis, 
‘and can easily pass into it. 

The possibility that three substances which in  couples do not 
react on each other or in a very small degree, when brought together, 
reaet all three on each other follows from the theory ofthe mutual 
activation; the catalysis can then be considered as a special case of 
the coaction, viz. in which two of the three possible reactions 
between the three components do not take place or only in a very 
small degree. At the same time this theory explains how such 
coactions can be realized, and can be changed into a catalytic 
aclion in some cases. If two compounds A and B are placed over 
against a third one, ©, and C is built up of two parts in such a 
way that one part can be attacked by A, the other by B, a coaction 
may be expected between A, B and C. 


It was now the intention to examine a number of systems, con- 
sisting of metal, acid or alkali and reducible compound, first of all 
qualitatively with regard to the influence that the reducible compound 
has on the velocity of solution of the metal, either with generation 
of hydrogen or without. 

It now appeared that not only nitrobenzene, but also an aldehyde 
as benzaldehyde exert a surprisingly accelerating influence on the 
velocity of solution. It is often, especially in the case of nitrobenzene, 
so great that the metal dissolves from five hundred to a thousand 
times more rapidly when nitrobenzene is present. Besides it appears, 
what was also to be expected, that though nitrobenzene has almost 
always an accelerating action, benzaldehyde is more selective. 
(See table). 

It is further remarkable that the greatest acceleration was observed 
in those cases in which in the presence of the redueible compound 
solution of the metal took place, but no generation of hydrogen, 
which is probably related ‘to the fact that the contact between 
metal and reducible compound is prevented by the forming hydrogen, 
which would also point to the probability that the reduction does 


!) SKRABAL, Die induzierten Reaktionen. Samm. Chem. und chem. techn. Vorträge. 
XI. Bnd. 10. Heft. 1908. 
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No. Metal 


De 


Iron wire (A) 


en 


Zinc wire (e) 


” 


Zinc leaf (A) 
Lead leaf (?) 


oo ı oo a =» 08 DD 
= 


Ne 
DD _ oO 
= = 


_ — — — 
[=,) a ao 
= Ss E 3 = 


ER 
—] 
D 1 


DD DD - — 
- 5 © © 


DD 
D n 


Copper gauze (h) 


DD 
[28] 


Nickel wool (A) 


D DB DD 
oo Qt» 


id. shiny amalg. 


Silver wire (2) 


D 
En | 


Aluminium (A) leaf 


6,„ 


—— 


(e) = electrie conduction, is nearly pure. 
(h) = commercial quality. 


() = so-called tea lead. 
To 50 cc. of acid was added 10 cc. of nitrobenzene, 


s Decrease Decrease Decrease | Original |Timei 
Acid blank nitrob. Benzald. | weight pa ji 
x 1000 | X 1000. | X 1000 | ingr. | Mn. 
alcoh. HCI 280 7190 90 1.98 70 
R- 140 720 90 1.98 70 
” 140 200 100 1.98 75 
acetic acid 10 7180 10 1.97 60 
formic acid 75 135 0 1.68 70 
acetic acid 40 120 40 1.86 240 
a 260 470 640 1.12 40 
alcoh. acetic acid 20 920 50 1.12 40 
s 30 490 — 1.39 40 
alcoh. HCI 30 50 50 1.52 270 
acetic acid 0 1800. 50 1.80 < 
in 40 min. in 3 min. in 40 min. 
acetic acid in acetic 0 1150 40 1215 E= 
acid anhydr. in 40 min. | in 10 min. | in 40 min. 
alcoh. acetic acid 13 3080 13 3.08 — 
in 180 min. | in 4 min. in 180 min. 
formic acid 1) 460 0 1.39 40 
34 10 850 10 2.13 120 
oleic acid in tur- 330 1020 320 1.15 70 
pentine 
lauric acid in para- 10 225 0 2.07 120 
fin oil 
alcoh. HCI 50 1070 170 1.07 En 
in 50 min. in 10 min. in 50 min. 
acetic acid 10 690 0.69 2 
in 20 min. in 3 min in 20 min. 
formic acid 0 470 0 0.47 —_ 
in 20 min. in 10 min in 20 min. 
sol. potassium in 230 560 — 0.67 |2 days. 
90 0/, alcohol 
alcoh. HCI 50 1910 == 3.04 200 
alcoh. KCN 250 1330 480 2.517 270 
alcoh. HCI 11 144 en 0.441 300 
alcoh. HCI 50 125 110 0.985 15 
alcoh. acetic acid 50 1450 — 1.45 20 
alcoh. NaCN 4 132 _ 0.152 120 
(f) = tin foil contains a trace of lead. 
(2) = pure. 


resp. benzaldehyde. 
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not take place through hydrogen in status nascens, but that a 
eoaction between the three components is required. 

These preliminary experiments were so executed that only character- 
istie differences could be expressed; this was desirable in view 
of the fact that through impurities, presence of different modi- 
fieations, structure in connection with the treatment, change of the 
surface in consequence of the solution etc. the metals in themselves 
can already give differences in the veloeity of solution, which might 
vitiate the eonelusions to be drawn. 

Use was made of metal in the form of gauze, leaf, or wire, of 
which a roll or spiral was made, so that the surface that was in 
contact with the liquid was as much as possible the same. Three rolls 
of the same weight and surface were now placed in three Erlen- 
meyer flasks, t0 each of which the acid was added, and after they had 
assumed the temperature of the waterbath benzaldehyde was added 
to the one, nitrobenzene to the second, the third containing only an 
acid by the side of the metal. As soon as a perceptible action had 
been exerted on one of the three, or as soon as in one of them the 
metal was quite dissolved, the metal was taken out ofthem, washed 
with water, alcohol, and ether, dried and weighed. 

The original weight of the metal, the time, and the decrease are 
recorded in the following table for a number of the prineipal 
experiments. 

Unless expressiy stated 10 c.c. of nitrobenzene or benzaldehyde 
was added to 50 c.c. of acid (Of. the table on the next page). 

It appears very clearly from the table that the influence of reduc- 
ible compounds on the velocity of solution of a metal can be very 
great, in some cases even so great that most probably there is no 
longer question of an acceleration of an existing reaction, but of a 
new one. 

Though in almost all cases nitrobenzene shows a very great 
acceleration, also a compound as benzaldehyde appears to be able 
to exert a strong positive influence (see N°. 7, 11, 12, 18, 23, 25). 

It is clear that guided by the theory of these reactions shortly 
mentioned in the beginning, the number of combinations can be 
extended, which renders it possible greatly to increase the number 
of reducers, and to define the conditions which a reducer has to 
satisfy in a definite case. 

Thus metal, a salt of hydrochlorice acid, a feeble acid (acetie acid), 
and nitrobenzene may be taken instead of metal, hydrochlorie 
acid, and nitrobenzene, in this way a coaction is realized in a 
system of four components. 
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When nitrobenzene is present in great concentration no hydrogen 
generation is observed; the solution of the metal and the generation 
of hydrogen is, however, accelerated by a smaller concentration of 
the nitrobenzene. 

Two strips of -zinc-leaf, weighing 10.18 gr., ‚surface 38.6 cm’, 
etched with 2.norm. HCl, were, placed in 190 cc. of 80°/, äcetic 
acid, while to one besides 2 ce. of nitrobenzene was added. After 
having been kept at 73° for 40 min., the zine was weighed and the 
generated hydrogen measured. The zine in the nitrobenzene experi- 
ment weighed 7,45 gr., the quantity of hydrogen was 17 cc. (11° 
and 772 mm.). The zince in the blank experiment weighed 10.15 gr. 
and tne quantity of hydrogen was 6 cc. 

In this experiment there is, however, an unfairness towards the 

zine in the blank experiment, because though the two experiments 
start with the same surface, the nitrobenzene very soon considerably 
enlarges the surfaces through its strongly corrosive action, which 
gives it a permanent advantage. Therefore an experiment was made 
in which the zine was etched first with diluted. hydrochlorie acid, 
then one of the strips of zinc besides with nitrobenzene in 80°), 
acetic acid, and after purification this latter was used for the blank 
experiment. The result was now as follows: 

Weight of the zine 16.32 gr. Surface 59.2 em’. The conc. of the 
nitrobenzene was taken still smaller, viz. 2,4 gr. to 170 ce. of 80°/, 
acetic acid. A third experiment was made with benzophenone, viz. 
3,6 gr. to 170 ce. of 80°/, acetie acid. In connection with the benzo- 
phenone experiment. the temperature. was chosen 20° higher, i.e. 93°. 

After 30. min. .the condition was as follows: Weight zine in blank 
experiment 16,04 gr., generated hydrogen 50 cc. (temp. 11°, baro- 
meter 767 mm.). Weight zine nitrobenzene experiment: 12.50 gr., 
generated hydrogen 115 cc. Weight zine benzophenone experiment: 
16,09 gr., generated hydrogen 10 ce. 

It appears from this, just as from the table that a redueible 
compound can exert both an accelerating and a retarding influence as 
well on the dissolving of the metal and on the hydrogen generation. 

Finally a similar experiment was made with zine that lıad been 
etched in boiling 30 °/, acetic acid, to which nitrobenzene was added, 
so that the nature of the zine surface was the same as in the 
presence of nitrobenzene for all experiments. The quantity of benzo- 
phenone was doubled, so that the quantity of. reducible oxygen was 
equal to that of nitrobenzene. 

‚ Weight zine: 14,32 gr., surface 60 cm’. Blank experiment con- 
tained 170 ce. of 80°/, acetic acid; the two others resp. 2,4 gr. 
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of nitrobenzene and 7,2 gr. of benzophenone. The temperature was 
kept at 65—66°. 

After an hour the condition was as follows: 

Weight zine blank experiment: 14,08 gr. Generated hydrogen : 
45 cc. (temp. 14°. Barometer 770 mm.). 

Weight zine nitrobenzene experiment: 10,47 gr., generated hy- 
drogen: 142 ce. 

Weight zine benzophenone experiment: 14,19 gr., generated hy- 
drogen 8 ce. 

Here too benzophenone gives a retardation, it appearing at the 
same time from the comparison with the hydrogen generated in Ihe 
blank experiment that part of the hydrogen has been used for the 
reduction of the benzophenone. It seems, therefore, that the nature 
of the surface has no influence on the qualitätive result 

According to the way indicated above it is further possible to 
take in these experiments more intricate systems, in which through 
coaction reactions are brought about or accelerated. Thus in the mixture 
of metal, hydrochlorie acid, and nitrobenzene, the hydrochlorie acid 
can be replaced by a feeble acid, as acetic acid, and a salt of 
bydrochlorie acid. 

Then a coaction takes place between four compounds: 

1. Copper with 50 ce. 80°/, acetic acid and 5 gr. Call,. 

Decrease 0.180 gr. 

2. Copper with as above, and 5cc. nitrobenzene. Decrease 0.065 gr. 
Copper with 50 cc. 70°/,aleoholand 5gr. CaCl,. Decrease 0.015 gr. 

4. Copper witb alcoh. as above and CaCl, as 

above, and 5 ce. nitrobenzene. Decrease 0.005 gr. 

5. Copper with 50 ce. 80°/, acetie acid and 5 gr. 

CaCl, and 5 ce. nitrobenzene Decrease 0.245 gr. 

Similar coactions, the explanation of which rests likewise on the 
considerations given above are met with in the oxidation of organic 
compounds, and can be most clearly shown by the study of the 
velocity of dissolving of metal-peroxides in acids whether in presence 
of oxidyzible compounds or not. Experiments on this subject are 
still in progress. 

It appears from the above preliminary experiments that there is 
a cooperation, a coaction between metal, acid and reducible com- 
pound, which is to be explained by this that a certain mutnal 
ackivation of the components must take place if the reduction is to 
appear ın a considerable degree. This appears to be the case both 


in aleoholic and aqueous. acetiec acid solution, and in anhydrous 
acetic or paraffin. | 


a 


